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General Description 

SECTION I 

GENERAL DESCRIPTION AND APPLICATION DATA 



1.1 GENERAL DESCRIPTION 

The Kennedy Models 96X2 are automatic load, tape drives that include an embedded Small 
Computer System Interface (SCSI) Tape Controller capable of communicating between an 
industry standard SCSI Interface Bus and ANSI-compatible PE 1600 and 3200 CPI, NRZI 800 
CPI, and GCR 6250 CPI (9612, 9632, 9642, 9662, 9682, 9692 ONLY), tapes. The drives can 
operate in Streaming Mode at 100 ips or Start/Stop Mode at 50 ips, and can read in either 
forward or reverse direction in all densities. The 96X2 Series are essentially 96X0 Series Tape 
Drives with a SCSI Controller Interface Board. The illustration below shows the location of the 
SCSI Controller Board. 




Card Cage with SCSI Controller Board 

1.2 HOST INTERFACE 

The Drive can operate in Single or Multiple Host systems, and supports all SCSI Bus functions 
including Arbitration, Disconnect/Reselect and Message exchanges. In addition both synchronous 
and asynchronous transfers are supported with a maximum transfer rate of 4.8 MBytes/sec. 

1.3 MICROCOMPUTER BASED DESIGN 

The Tape Drive uses three microprocessors: one in the SCSI Controller, one in the Formatter 
Board, and one in the Drive Control Electronics. 

1.4 DIAGNOSTICS AND FAULT ISOLATION 

The Tape Drive includes built-in diagnostics with front-panel eight-character LED readout. 

1.5 SPECIFICATIONS 

Physical, Environmental, and Operational Specifications are defined in the Model 96X0 Series 
Operation and Maintenance Manuals. 

1.5.1 POWER REQUIREMENTS 

Power requirements for the 96X2 Series Drives are listed in Table 1-1. 
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Table 1-1. MODEL 96X2 POWER REQUIREMENTS 



Parameter 


Description 




AC TTnita 
A\y U 111 LO 






Input Voltage 


100, 120, 220, 240 VAC +15% -10% 




50 or 60 Hz ±2 Hz 




Input current 


120 VAC 


220 VAC 




3.0 amps 


1.5 amps 


Power: 






Nominal 


300 watts 


300 watts 


Peak 


400 watts 


400 watts 


Fuse: (Standard) 


6 amp at 110/120 


3 amp at 220/240 VAC (Slo-Blo) 


ileal UlSSipatlOn 


1025 BTU/hr 




DC Units 






Input Voltage 


48, 60VDC +20%-10% 




Input Current 


48 VDC 


60 VDC 




7.5 amps 


5.5 amps 


Power: Nominal 


350 watts 


350 watts 


Peak 


450 watts 


450 watts 


Fuse 


12 amp 


10 amp 


Heat Dissipation 


1194 BTU/hr 





1.6 INTERFACE SPECD7ICATION 

1.6.1 GENERAL 

This section describes cable, connector and signal requirements for interface between the Tape 
Drive with SCSI Interface (Target) and the Host SCSI Controller (Initiator). 

1.6.2 INTERFACE CONNECTORS 

Interface between the Host and Drive can be via single-ended or differential signals. In either 
case however, the interface must consist of a standard 50-line (or 25 twisted-pair) shielded 
cable. SCSI Option 1 or Option 2 shielded connectors are available with daisy chain capability. 

Note: Non-shielded cables and connectors can be used but only if they are completely enclosed 
in a metal RFI-proof cabinet. 

Option It Kennedy P/N: 98-00205-001 
Option 2: Kennedy P/N: 98-00206-001 

1.6.3 INTERFACE CABLE LENGTH 

To meet FCC and ESD specifications, the maximum allowable length of the shielded cable shall 
be 20 feet (6 meters) for single-ended interface, 82 feet (25 meters) for differential interface. 
Braided shielded cables are required to meet FCC and ESD specifications. 
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1.6.4 INTERFACE SIGNAL CHARACTERISTICS 



1.6.4.1 INPUT 



Single-Ended Input Signals to the SCSI Controller must conform to the following specifications: 

Levels: 1 - Low = True = Ov (+0.8 vdc) 

= High = False = +2v (+5.25 vdc) 

Input Load: -0.4 ma at 0.4 vdc 

Differential Signals are conveyed on two lines denoted: +SIGNAL and -SIGNAL. A signal is true 
when +SIGNAL is more positive than -SIGNAL, and a signal is false when -SIGNAL is more 
positive than +SIGNAL. Differential Input Signals to the SCSI Controller must conform to the 
following specifications: 

Voltage Levels vary between -7 vdc and +12 vdc. 
Input Current = ±2.0 ma max 



1.6.4.2 OUTPUT 

Single-Ended Output Signals from the SCSI Controller conform to the following specifications: 

Levels: 1 = Low = True = Ov (+0.4 vdc) 

= High = False = +2v (+5.25 vdc) 

Driver Output: 48 ma (sinking) at 0.5 vdc 
Differential Output Signals from the SCSI Controller conform to the following specifications: 

Low Level: 2.0v max at 55 ma max 

High Level: 3.0v min at 55 ma max 

Differential: l.Ov min with common mode range of -7v to +12v. 



1.6.5 RECEIVER/DRIVER CONFIGURATION AND TERMINATION 

The input lines are terminated in the 
SCSI Controller as illustrated in Figure 
1-1 with 220 ohm and 330 ohm resistors 
to +5 volts and ground. The input 
receivers are 74LS type circuits. + 5V 

All output lines must be terminated at 
the Host Controller with a 220 ohm 
resistor to plus five volts and a 330 ohm 
resistor to ground. Output circuits are 
open collector drivers. 



• 220 OHMS 



SIGNAL 



'330 OHMS 



GROUND 



-SIGNAL 



+SIGNAL 



GROUND 



330 OHMS 



150 OHMS 



330 OHMS 



A. SINGLE ENDED 



B. DIFFERENTIAL 



Figure 1-1. Interface Termination 
Configurations 
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1.6.6 MULTIPLE HOSTS, MULTIPLE DRIVES 

A SCSI Network can include up to eight devices including one or more Hosts, Tape Drives, and 
any applicable devices with SCSI Controllers, normally connected in a daisy chain configuration. 
In such a network, the Interface Terminators must be removed from all but the device at each 
end of the network. Figure 1-2 illustrates typical SCSI Networks. 

Terminator Locations: The Interface Terminators consist of SIP Resistor Packs installed in the 
SCSI Controller Board located as follows (Figure 2-1): 

Single-Ended Terminators - U8, U9, U10 

Differential Terminators - U4, U5, Ull, U12, U13, U16, U17 

SCSI Addressing: Each Device in a Daisy Chain must be set to an address unique from all other 
devices. For this purpose, a front panel menu option is available: Host I/O -> SCSI ID. See 
Section 2.1.13 and 2.1.14 for explanation of SCSI Addressing. 
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Figure 1-2. SCSI Network (Typical) 

1.7 INTERFACE SIGNALS 

Tables 1-2 and 1-3 list SCSI Bus Interface Signals for Single-Ended and Differential Interface 
Connectors respectively. The following paragraph describes the use of these Signals on the SCSI 
Bus. 



Table 1-2. Single-Ended Interface Connector J3 Pin Assignments 



Signal* Pin** 


Signal* Pin** 


Signal* Pin** 


-DB(0) 2 
-DB(1) 4 
-DB(2) 6 
-DB(3) 8 
-DB(4) 10 
-DB(5) 12 
DB(6) 14 
-DB(7) 16 
-DB(P) 18 


GROUND 20 
GROUND 22 
GROUND 24 
TERMPWR 26 
GROUND 28 
GROUND 30 
-ATN 32 
GROUND 34 


-BSY 36 
-ACK 38 
-RST 40 
-MSG 42 
-SEL 44 
-C/D 46 
-REQ 48 ] 
-I/O 50 

i 


Note: * - = active low. 

** All odd pins, except 21 and 25, are connected to ground. 
Pins 21 and 25 are unconnected. 
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Table 1-3. Differential Interface Connector J4 Pin Assignments 



Signal* 


Pin 


SHIELD GRD 


1 


+DB(0) 


3 


+DB(1) 


5 


+DB(2) 


7 


+DB(3) 


9 


+DB(4) 


11 


+DB(5) 


13 


+DB(6) 


15 


+DB(7) 


17 


+DB(P) 


19 


GROUND 


23 


TERMPWR 


25 


GROUND 


27 


+ATN 


29 


GROUND 


31 


+BSY 


33 


+ACK 


35 


+RST 


37 


+MSG 


39 


+SEL 


41 


+C/D 


43 


+REQ 


45 


+1/0 


47 


GROUND 


49 



Pin 



Signal* 



2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 



GROUND 

-DB(0) 

-DB(1) 

-DB(2) 

-DB(3) 

-DB(4) 

-DB(5) 

-DB(6) 

-DB(7) 

-DB(P) 

GROUND 

GROUND 

TERMPWR 

GROUND 

-ATN 

GROUND 

-BSY 

-ACK 

-RST 

-MSG 

-SEL 

-C/D 

-REQ 

-I/O 

GROUND 



Note: * + = active high; - = active low 



1.8 SCSI PHASE PROTOCOL DESCRIPTION 

This section describes the SCSI protocol, it includes information on SCSI Bus Phases and Phase 
Sequencing. This section is divided into three subsections, as listed below. 



Subsection J Title 

!> 9 I SCSI Bus Phase Sequencing 

1*10 I SCSI Bus Phases 



I SCSI Bus Conditions 



1.9 BUS PHASE SEQUENCING 

The status of the SCSI Bus is a function of the control signals. These signals place the SCSI Bus 
m one of the following phases: Bus Free, Arbitration, Selection/Reselection, or Information 
rransfer. 

All SCSI command sequences start with the Bus Free phase. The normal progression is from the 
Bus Free phase to the Arbitration phase. During Arbitration, SCSI controllers contest for 
control of the SCSI bus. Priority is given to the contestant with the highest SCSI bus address 
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Once the SCSI controller has control of the bus, it becomes the Initiator and causes the bus to 
enter the Selection/Reselection phase. This phase allows the Initiator to select a specific device 
for communication. An Initiator can select a Target to initiate an operation (Selection), or a 
Target may reselect an Initiator to continue an operation (Reselection). 

After an Initiator has selected a Target, the Target causes the bus to go to one of the 
Information Transfer phases (Command, Data, Status, or Message). After the command has been 
executed the bus goes to the Status phase and completion status is sent to the Initiator. The bus 
then enters the Message phase and the Target sends the Command Complete message. The 
Target then releases the bus, causing the Bus Free phase. 



1.10 BUS PHASES 

1.10.1 ARBITRATION 

The Arbitration phase allows one SCSI device to gain control of the SCSI bus so that it can 
assume the role of an Initiator or Target. 

The procedure for Arbitration is as follows: 

1. Wait for the Bus Free phase to occur. 

2. When Bus Free occurs, assert BSY and the arbitrating device SCSI ID. 

3. Wait at least 2.2 usee, then examine the bus. 

4. If a higher priority SCSI ID bit is true on the Data Bus (DB(7) is highest), then the 
SCSI device has lost Arbitration. BSY and its SCSI ID should be released. Return to 
step 1. 

5. If no higher priority SCSI ID bit is true on the Data Bus, then the SCSI device has 
won Arbitration and it should assert SEL. 

6. At the completion of the Arbitration phase, the winning Initiator will have BSY, SEL 
and its own SCSI ID asserted. After winning Arbitration the SCSI device should wait 
at least 1.2 usee before changing any signals. 

Note: The SCSI ID bit is a single bit on the Data Bus that corresponds to the SCSI 
device's unique SCSI address. Parity is not valid during the Arbitration phase. During the 
Arbitration phase, DB(P) may be undriven or driven to the true state, but should not be 
driven to the false state. 

1.10.2 SELECTION 

The Selection phase allows an Initiator to select a Target for the purpose of initiating a Target 
function (i.e. Read or Write Command). 

Note : During the Selection phase the I/O signal is negated so that this phase can be 
distinguished from the Reselection phase. 

1.10.2.1 ARBITRATING SYSTEMS 

After winning Arbitration (SEL, BSY, and Initiators SCSI ID are true): 

1. The Initiator sets the Data Bus to the OR of its own SCSI ID and the Target's SCSI 
ID. 

2. The Initiator waits at least 100 nsec, then releases BSY. 

3. The 9502 senses that it is selected when SEL and its SCSI ID are true and that BSY 
and I/O have been false for at least 400 nsec. The 9502 then asserts BSY. 
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4. The Initiator waits at least 100 nsee after detecting BSY is true, then releases SEL 
and the Data Bus. 

At the completion of the Selection phase: 

1. The Initiator has no signals asserted. 

2. The Target has BSY asserted. 

1.10.2.2 NONARBITRATING SYSTEMS 

In systems with the Arbitration phase not implemented, the Initiator: 

1. Waits for the Bus Free phase, plus 800 nsee. 

2. Then asserts the Target's SCSI ID and its own SCSI ID and waits at least 90 nsee. 

3. The Initiator then asserts SEL. 

4. Follow the procedure in Sec. 1.10.2.1, starting at step 3. 

1.10.2.3 SINGLE INITIATOR OPTION 

Initiators that do not implement the Reselection phase and do not operate in a multiple Initiator 
environment are allowed to set only the 9502's SCSI ID bit during the Selection phase. This 
makes it impossible for the 9502 to determine the Initiator's SCSI ID and disconnection may not 
be performed. 

1.10.3 RESELECTION (optional) 

Reselection is an optional phase that allows the 9502 to reconnect to an Initiator for the 
purpose of continuing an operation that was previously started by the Initiator but was 
suspended by the 9502. 

Reselection can only be used in systems that have the Arbitration phase implemented. 

After winning Arbitration (SEL, BSY, and the 9502's SCSI ID are true): 

1. The 9502 asserts the I/O signal and sets the Data Bus to the OR of its own SCSI ID 
and the Initiators ID. 

2. The 9502 waits at least 90 nsee, then releases BSY. 

3. The Initiator determines that it has been Reselected when SEL, I/O, and its SCSI ID 
are true, and that BSY is False. 

4. The Initiator then asserts BSY. 

5. When the 9502 detects the Initiator setting BSY, it will also set BSY. The 9502 waits 
at least 90 nsee, then releases SEL. At this point the 9502 may change the I/O signal 
and the Data Bus. 

6. After the Reselected Initiator detects SEL false, it should release BSY. The 9502 
will continue asserting BSY until the 9502 is ready to relinquish the Bus. 
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1.10.3.1 RESELECTION TIMEOUT 

If the 9502 fails to detect BSY being set by the Initiator within 250 msec: 

1. The 9502 leaves SEL and I/O asserted and releases the Data Bus (SCSI IDs). 

2. If a BSY response is not received from the Initiator within 250 msec, the 9502 will 
let the bus go to the Bus Free phase. No ending status will be transmitted and the 
9502 will be awaiting selection. If, after a pause of approximately 1.5 msecs, the 
9502 has not been selected, it will again try to reselect the Host. This retry sequence 
continues ad infinitum. 



BSY 
SEL 



250 mS 



l.SmS 
Bus Free 



. <- 



1.10.4 INFORMATION TRANSFER PHASES 

The Command, Data, Status, and Message phases are grouped together as Information Transfer 
phases because they are all used to transfer Data or Control information via the SCSI data bus. 

The C/D, I/O, and MSG signals are used to distinguish between the different Information 
Transfer phases. The 9502 drives these three signals and therefore controls all changes from one 
phase to another. The Initiator can request a Message Out phase by asserting ATN, while the 
9502 can cause the Bus Free phase by releasing MSG, C/D, I/O, and BSY. 



Table 1-4. INFORMATION TRANSFER PHASES 



Signal* 
MSG C/D 


I/O 


Phase Name 


Direction of Xfer 


Phase 








DATA OUT 


Initiator to 9502 


\ Data 





1 


DATA IN 


9502 to Initiator 


/ Phase 


1 





COMMAND 


Initiator to 9502 




1 


1 


STATUS 


9502 to Initiator 




1 1 





MESSAGE OUT 


Initiator to 9502 


\ Data 


1 1 


1 


MESSAGE IN 


9502 to Initiator 


/ Phase 


1 





** 






1 


1 


** 







* = False, 1 = True, ** = Reserved 
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The Information Transfer phases use one or more REQ/ACK handshake(s) to control the 
information transfer. Each REQ/ACK handshake (in an asynchronous operation) allows the 
transfer of one byte of information. 

In a synchronous transfer, the initiator can accept REQ's without issuing corresponding ACK's, 
each REQ transferring one byte. When the transfer is complete the target must have received 
the same number of ACK's as REQ's issued. 

The 9502 can issue a maximum of 15 REQ's before receiving a single ACK. 

During the Information Transfer phases BSY will remain true and SEL will remain false. During 
the Information Transfer phases the 9502 will continuously envelope the REQ/ACK handshake(s) 
with C/D, I/O, and MSG so that these control signals are valid for at least 400 nsec before the 
first REQ and remain valid until the negation of ACK at the end of the last handshake. 

1.10.4.1 COMMAND 

The Command phase allows the 9502 to request command information from the Initiator. An 
Initiator issues SCSI commands to the 9502 by transferring a command packet, called a 
Command Descriptor Block (CDB). The length of the SCSI command and meaning of the 
information in the command packet depends on which command is being transferred (See 
Section 1-13 for definitions of SCSI commands and all SCSI CDBs supported by the 9502). 

During the Command phase the 9502 will assert the C/D signal and negate the I/O & MSG 
signals during the REQ/ACK handshake(s), irrespective of whether the transfer is synchronous 
or asynchronous. 



1.10.4.1.1 LINKED COMMANDS 

The last byte of every CDB is a control byte. The low order two bits control the ability of 
linking commands in a sequence and notifying the Initiator when a particular command steD is 
completed. 

The linking of commands allows the Initiator/Target to avoid the arbitration and selection 
phases of the SCSI protocol. 

Following the completion of the Command and Data Phases of the first command of a linked 
sequence, the target responds to the initiator with an Intermediate Status Good followed by a 
Linked Command Complete Message with or Without Flag (refer Section 1.10.4.3). The target 
will then reenter the Command Phase to receive the next CDB. The final CDB of the linked 
sequence shall return a completion Status byte with Good status followed by a Command 
Complete Message. 



1.10.4.1.2 INTERMEDIATE STATUS 



This status will be returned for every command in a series of linked commands (except the last 
command), unless an error, exception, or abnormal condition causes a Check Condition status to 
be set. 



1.10.4.2 DATA 



The Data phase controls the transfer of data between the Initiator and the 9502. The Data phase 
includes both Data In and Data Out phases. 
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1.10.4.2.1 DATA IN 

The Data In phase allows the 9502 to request transfer of data from the 9502 to the Initiator. 
During the Data In phase the 9502 asserts the I/O signal and negates the C/D and MSG signals 
during the REQ/ACK handshake(s). 

1.10.4.2.2 DATA OUT 

The Data Out phase allows the 9502 to request transfer of data from the Initiator to the 9502. 
During the Data Out phase the 9502 negates the I/O, C/D, and MSG signals during the 
REQ/ACK handshake(s). 

1.10.4.3 STATUS 

The Status phase is used by the 9502 to send completion information to the Initiator at the end 
of a command or a set of linked commands. Intermediate status is returned to the Initiator at 
the completion of a linked command. Any abnormal conditions encountered during command 
execution will cause command termination and the transmission of ending status. 

The completion status byte indicates whether the previously executed command terminated 
properly. If the status byte indicates an abnormal termination, the Initiator should issue a 
Request Sense command for more detailed error information. 



Table 1-5. STATUS BYTE FORMAT 



Bit 


7 


6 


5 


4 


3 


2 


1 
















INT 


BUSY 





CHECK 













STAT 






COND 





Bit Meaning 



1 Check Condition status (02h). See Request Sense command. 

2 

3 The 9502 is Busy (08h). This status will be returned whenever the 9502 is j 



unable to accept a Command from the INITIATOR. The normal 
INITIATOR recovery action is to issue the Command again at a later ' 
time. 

Busy status will be reported on any command that follows an Immediate | 
Command that hasn't finished executing. The one exception to this rule 
is a Rewind Immediate. Any command that follows a Rewind Immediate, 
and the rewind has not completed, will return Check Status (02 h). A 
request sense will reveal Not Ready. 

4 Intermediate Status Good (10h). This bit is set for any Intermediate 

Status sent during a series of Linked Commands. This bit is not set for 
any ending status. j 

5,6,7 1 

Reservation Conflict (18h bits 3 and 4 set). This status will be returned 
whenever a SCSI device attempts to access a Logical Unit that is 
reserved for that type of access to another SCSI device. 
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General Description 



1.10.4.4 MESSAGE 

The Message phase is used to transfer information about command conditions between the 
Initiator and the 9502. The Message phase references either a Message In, or a Message Out 
phase. Messages may be single or multiple byte. The first message sent by the initiator after 
Selection shall be an Identify, Abort, or Bus Device Reset message. 

1.10.4.4.1 MESSAGE IN 

The Message In phase allows the 9502 to request that messages be sent from the 9502 to the 
Initiator. During the Message In phase, the 9502 will assert C/D, I/O, and MSG. 

1.10.4.4.2 MESSAGE OUT 

The Message Out phase allows the 9502 to request that a message be sent from the Initiator to 
the 9502. The 9502 will invoke this phase at its convenience in response to the ATN condition 
(Section 1.11.1) created by the Initiator. 

During the Message Out phase, the 9502 will assert C/D and MSG and negate I/O. If the last 
message received by the 9502 was inappropriate or not yet implemented, the 9502 will invoke 
the Message In phase and send Message Reject. The 9502 will then return to the Message Out 
phase. 

1.10.4.4.3 MESSAGE RECEIVED WITH BAD PARITY 

With the front panel option "PARITY" set to RETRY, any message received, with bad parity, 
wiir cause the 9502 to stay in the message out phase until 3 unsuccessful attempts by the host to 
send a good message have been tried. The 9502 will then release BSY and go to Bus Free. 

It is then the Host's responsibility to issue a Request Sense command to determine why the 9502 
went Bus Free. The 9502's response data will have Sense Key "B" set - Aborted Command with 
43 03 Message Parity Error in the additional sense bytes. 

If the front panel option "PARITY" is set to CHECK, then on receipt of a parity incorrect 
message the 9502 will go to Bus Free immediately. Again a request sense command should be 
issued. 

If for any reason a request sense is not issued, then a Check Condition will be returned on the 
next command with the deferred error bit set. If any other sequence of events occurs after the 
9502 goes Bus Free then the sense data (Message Parity Error) cannot be guaranteed to be 
returned and the reason for going Bus Free will be lost. 



1.11 BUS CONDITIONS 
1.11.1 ATTENTION 

The Attention condition allows an Initiator to inform the 9502 that the Initiator has a message 
ready. The 9502 will retrieve the message at its convenience by performing a Message Out 
phase. 
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1.11.2 RESET 

The Reset condition is used to immediately clear all SCSI devices from the bus. This condition 
takes precedence over all other phases and conditions. 

The 9502 implements the "HARD" Reset Option. Upon detection of the Reset condition the 9502 
will: 

1. Clear the current uncompleted command. 

2. Release all device reservations. 

3. Return all operating modes (Mode Select, etc.) to their power-on default conditions. 

4. Return to the Bus Free phase. 



Note : Any write data resident in the buffer, that good completion status has been returned to 
the initiator on, when a reset is received shall be unaffected by the reset. That data 
will be written to tape via the normal write mechanism, and is independent of the reset. 



1.12 MESSAGE SYSTEM DESCRIPTION 

The Message system allows communication between an Initiator and the 9502 for the purpose of 
physical path management. 

The Initiator indicates its ability to support the entire Message system by asserting the ATN 
signal during the Selection phase. The 9502 indicates its ability to support Messages by going to 
the Message Out phase after the Selection phase in response to ATN. 

The 9502 has the capability of operating in either a "connected" or a "disconnected" method of 
transfer. The method of enabling the 9502 to operate in the Disconnect\Reselect mode is 
achieved via the Message system. 

During Selection time: 

1. The Initiator should assert ATN. 

2. After completing the Selection phase, the 9502 will go to the Message Out phase. 

3. The Initiator should then send the Identify message and indicate its ability to enable 
Disconnect/Reselect (See Identify message). 
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1.12.1 SINGLE BYTE MESSAGES 

The single byte messages supported, their code values and definitions are listed in Table 1-6. 

Table 1-6. SINGLE BYTE MESSAGE CODES 



Code 


Description 




Direction* 




V^VJiulVl AINU Ks\J Mr LiLi 1 H 


f XT 






TTYTPWriETl MHOS A HP* 
LA 1 LjIH LULU SnCiOOAKjCi 


TXT 


i"\ ITT 1 

(Jul 


02 H 


SAVE DATA POINTER 


IN 




03 H 


RESTORE POINTERS 


IN 




04 H 


DISCONNECT 


IN 




05 H 


INITIATOR DETECTED ERROR 




OUT 


06 H 


ABORT 




OUT 


07 H 


MESSAGE REJECT 


IN 


OUT 


08 H 


NO OPERATION 




OUT 


09 H 


MESSAGE PARITY ERROR 




OUT 


0A H 


LINKED COMMAND COMPLETE 


IN 




0B H 


LINKED COMMAND COMPLETE W/FLAG 


IN 




oc h 


BUS DEVICE RESET 




OUT 


80 H -87 H 


IDENTIFY 


IN 


OUT 


C0 H -C7 H 


IDENTIFY 


IN 


OUT 



* IN = 9502 to Initiator, OUT = Initiator to 9502 



COMMAND COMPLETE (00 H )s 

This message is sent from the 9502 to the Initiator to indicate that the execution of a command 
(or series of Linked commands) has terminated and that valid status has been sent to the 
Initiator. After successfully sending this message, the 9502 will go the Bus Free phase. 

Note ; The command may or may not have executed successfully as indicated in the 
Completion Status (See 1.10.4.3). 



EXTENDED MESSAGE (01 H ): 

This message is sent by either the Initiator or the 9502 for the purposes of negotiating for a 
Synchronous Data Transfer 

The message will have the following format: 

Byte 01 Extended message 

1 03 Extended message length 

2 01 Synchronous data transfer request 

3 N Transfer period 

4 F Req/Ack offset 

The values of 'N' in byte 3 that the 9502 will set are as follows: 
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Table 1-7. SYNCHRONOUS TRANSFER RATES 



O 1 

nciiuiicu 

Transfer Period 


nuiwu 

Transfer Rate (nS) 


A 1 

au wax 

Transfer Rate (MHz) 




AAA on 

208.33 


nS 


4.80 


MHz 


l a 
Jc, 


250.00 


nS 


4.00 


MHz 


18, 


291.67 


nS 


3.43 


MHz 


oo, 


333.33 


nS 


3.00 


MHz 


□ Q, 


375.00 


nS 


2.67 


MHz 


fiH 
Do, 


416.67 


nS 


2.40 


MHz 




458.33 


nS 


2.18 


MHz 


7H 
<U, 


500.00 


nS 


2.00 


MHz 


87 
°<> 


541.67 


nS 


1.85 


MHz 


Q1 

91, 


583.33 


nS 


1.71 


MHz 


yc, 


/»<» r A A 

625.00 


nS 


1.60 


MHz 


a6, 


666.67 


nS 


1.50 


MHz 


hi 
Dl, 


708.33 


nS 


1.41 


MHz 


bb, 


750.00 


nS 


1.33 


MHz 


c5, 


791.67 


nS 


1.26 


MHz 


dO, 


833.33 


nS 


1.20 


MHz 


da, 


875.00 


nS 


1.14 


MHz 


e5, 


916.67 


nS 


1.09 


MHz 


ef, 


958.33 


nS 


1.04 


MHz 


fa, 


1000.00 


nS 


1.00 


MHz 



If the initiator responds with a value less than l.OOMb/see, then the 9502 will respond with a 
Message Reject and asynchronous operation will be implied. 

Host Initiated Negotiation - Example 

If the Host were to initiate Synchronous Transfer Negotiation by issuing a Message with a 
Transfer Period and Offset, of say 3E 07. The 9502 would respond by reflecting that Transfer 
Period and Offset back to the Host, implying acceptance. 

If however, the Host issues a Transfer Period and Offset that is beyond the 9502's capabilities, 
then it will respond with its maximum rate of: 34 OF. 



9502 Initiated Negotiation - Example 

With the front panel option "SYNC NEG" set to ENABLE the 9502 will always try to negotiate 
at its maximum rate: 34 OF. (provided the host hasn't previously negotiated an acceptable period 
and offset.) 

The 9502 will accept, (by transferring at its closest lower rate), any responded Transfer Period 
and Offset. See Table 1-7 above. 
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REQ/ACK OFFSET 

The 9502 can accommodate an offset of 15 REQ/ACK pulses. In other words, an offset interlock 
of 15 bytes. If an initiator responds with the same value then agreement is implied. 

If the response is less than or equal to Fjj bytes then the 9502 will use that responded offset. 

If a response of zero is received, then asynchronous transfer is implied. 



SAVE DATA POINTER (02 H ): 

This message is sent from the 9502 to direct the Initiator to save a copy of the present active 
data pointer for the currently attached LUN. This message is typically sent prior to a 
disconnect. 

RESTORE POINTERS (03 H ): 

This message is sent to the Initiator when the 9502 detects a Bus Parity Error, or other errors 
requiring retries. The 9502 will perform a retry sequence. 



DISCONNECT (04 H ): 

This message is sent from the 9502 to inform the Initiator that the present Physical path is 
going to be broken (the 9502 plans to Disconnect by releasing BSY), but that a later 
Reconnection will be performed in order to complete the current operation. 



INITIATOR DETECTED ERROR (05h): 

This message causes the 9502 to issue a restore pointers message to retry the last command. 



ABORT (06 H ): 

This message is sent from the Initiator to the 9502 to clear the present SCSI Bus operation. 
On receipt of an Abort Message the 9502 goes to the Bus Free state. 

It is conceivable that tape motion may still be in progress - writing buffered data to tape, after 
the Abort message has been received and the bus is in a bus free state. If that write was 
unsuccessful, the Abort Message will not destroy the deferred error status for that write. That 
status will be relayed to the initiator on the next command received. 



MESSAGE REJECT (07h)J 

a) Initiator to 9502. Indicates that the last message received was inappropriate or has 
not been implemented. On receipt of this message, the 9502 checks the last message 
sent. If the last message sent was a Save Data Pointer (02h), the 9502 will not 
disconnect. 

b) 9502 to Initiator. Indicates that the last message received is not implemented in the 
9502. 
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This message is sent from an Initiator in response to the 9502's request for a message, when the 
Initiator does not currently have any other valid message to send. 

MESSAGE PARITY ERROR (09h): 

This message is sent from the Initiator to the 9502 to indicate that one or more bytes in the last 
message it received had a parity error. On receipt of this message the 9502 will re-issue its last 
message. 

LINKED COMMAND COMPLETE (0A H ): 

This message is sent from the 9502 to the Initiator to indicate that the execution of a Linked 
command has completed and that status has been sent. 

LINKED COMMAND COMPLETE (WITH FLAG) (QB&i 

This message is sent from the 9502 to the Initiator to indicate that the execution of a Linked 
command (with the Flag bit set to one) has completed and that status has been sent. 

BUS DEVICE RESET (0C H ): 

This message is sent from an Initiator to direct the 9502 to clear all current commands. This 
message forces the 9502 to an initial state with no operations pending for any Initiator (same as 
the power-on or the Reset Signal). Upon recognizing this message, the 9502 will go to the Bus 
Free phase. 

IDENTIFY 80 H - 87 H , C0 H - C7h: 

These messages are sent by either the Initiator or the 9502 to establish the physical path 
connection between an Initiator and the 9502. 



Bit 


7 


6 


5 4 3 


2 1 




1 


DISC 


RESERVED 


LUN 



BIT 0-2: 

BIT 3-5: 
BIT 6: 



These bits must match the LUN address as selected in the HOST I/O, SCSI LUN 
menu. 

Reserved. 

This bit may only be set to one by the Initiator. When sei to one, it indicates that 
the Initiator has the ability to accommodate disconnection and reconnection. 
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General Description 



Not ail commands cause the 9502 to disconnect itself from the Initiator. Only commands which 
involve tape motion may cause disconnection. The commands are listed below: 

Rewind (Only if tape is NOT at BOT) 

Write 

Read 

Read Reverse 
Write File Mark 
Space 
Verify 
Erase 

LoadXUnload 

BIT 7: Always set to one (1). 



1.12.2 MULTIPLE BYTE MESSAGE 

A value of one in the first byte of a message indicates the beginning of a multiple-byte 
message. The 9502 supports Synchronous data transfer capability and the SCSI message system 
establishes the proper parameters. 



1.13 COMMANDS 

The SCSI Initiator defines the task for the target to perform by transferring a CDB in the 
Command phase. The 6 bytes of the CDB are checked and interpreted by the 9502. The only 
time the 9502 will not accept all six bytes is if an interface parity error is detected. In this case 
the 9502 will re-enter the message phase and send a Restore Pointers message (03) to the 
initiator. If after 3 attempts the CDB still has a parity error, check status will be reported and 
the SCSI Bus will be released. 

Checking and interpretation of the CDB may yield an illegal condition; e.g. Reserved bit fields 
not set to logical 0. If an illegal condition exists, Check Condition will be set in the ComDletion 
Status byte. 

If the Check Condition bit is set in the completion status byte, a Request Sense command 
should then be issued to discover the reason for the previous command failure. In the 
above situation, the Request Sense returned sense information would inform the initiator 
that an illegal command had been issued. 

All bits, bytes, and fields are checked for legitimate values or zeros. Illegal values will 
result in a Check Condition Status and an Illegal Request Sense Key set in extended sense. 

The following table lists the available SCSI Commands and their associated operation 
codes by section and page number. 
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Table 1-8. SCSI COMMANDS AND CODES 



Section 


SCSI Command 


Code 


Page 


1.13.1 


TEST UNIT READY 


00 H 


18 


1.13.2 


REWIND 


01 H 


19 


1.13.3 


REQUEST SENSE 


03 H 


20 


1.13.4 


READ BLOCK LIMITS 


05 H 


28 


1.13.5 


READ 


08 H 


30 


1.13.6 


WRITE 


0A H 


32 


1.13.7 


READ REVERSE 


0F H 


34 


1.13.8 


WRITE FILE MARKS 


10 H 


35 


1.13.9 


SPACE 


llH 


36 


1.13.10 


INQUIRY 


12 H 


38 


1.13.11 


VERIFY 


13 H 


41 


1.13.12 


RECOVER BUFFERED DATA 


14 H 


42 


1.13.13 


MODE SELECT 


15 H 


44 


1.13.14 


RESERVE UNIT 


16 H 


46 


1.13.15 


RELEASE UNIT 


17 H 


48 


1.13.16 


ERASE 


19 H 


49 


1.13.17 


MODE SENSE 


1A H 


50 


1.13.18 


LOADVUNLOAD 


1B H 


53 


1.13.19 


RECEIVE DIAGNOSTIC RESULTS 


1C H 


54 


1.13.20 


SEND DIAGNOSTIC 


1D H 


57 


1.13.21 


WRITE DATA BUFFER 


3B H 


61 


1.13.22 


READ DATA BUFFER 


3C H 


63 



1.13.1 TEST UNIT READY 

The Test Unit Ready command is used to check the unit for On-Line and Ready, as well as 
outstanding check conditions. If the LUN is On-Line and Ready (not Rewinding), the command 
will be terminated with GOOD Status or Intermediate GOOD Status in the Completion Status 
Byte. 

Table 1-9. TEST UNIT READY (00 H ) 



Bit 


7 


6 


5 


4 3 2 1 


Byte 














Byte 1 


LUN 


RESERVED 


Byte 2 


RESERVED 


Byte 3 


RESERVED 


Byte 4 


RESERVED 


Byte 5 








RESERVED I FLAG 1 LINK 

1 1 
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Completion Status Codes for Test Unit Ready Command: 
Good (00h) Good Status 

Busy (08n) The 9502 is busy executing a command. 

Reservation Conflict (18H) 

Check (02jj) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready Hardware Error 

Illegal Request Unit Attention 

Aborted Command 

Intermediate Good Status on Linked Commands 
1.13.2 REWIND 

The Rewind command requests that the LUN be rewound to beginning of tape (BOT). 

An IMMED bit of one indicates that status shall be returned as soon as the operation is initiated. 
An IMMED bit of zero indicates that status shall be returned when the operation is completed 
(LUN at BOT). Commands issued to a Rewinding drive will return Check Condition status of Not 
Ready. 

The 9502 will flush any unwritten data from the cache memory to tape before executing this 
command, provided there isn't a media error preventing the write. A media error will cause a 
deferred error and the Rewind will not be executed. 



Table 1-10. REWIND Command (01 H ) 



Bit 


7 


6 


5 


4 3 2 


1 





Byte 

















1 


Byte 1 


LUN 


RESERVED 


IMMED 


Byte 2 


RESERVED 


Byte 3 


RESERVED 


Byte 4 


RESERVED 


Byte 5 








RESERVED 


FLAG 


LINK 



Completion Status Codes for Rewind Command: 

Good (00h) Good Status 

Reservation Conflict (18H) 

Check (02fl) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready Hardware Error 

Illegal Request Unit Attention 

Aborted Command Medium Error 

Intermediate Good Status on Linked Commands 
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This command is used to obtain more detailed status information for a an error condition (02h 
status returned in the last command) after a command has been completed. The sense data will 
be valid for the Check Condition (or status) last presented to the Initiator. Sense data will be 
cleared on receipt of any subsequent command (except Inquiry) to the unit in check except when 
the tape drive is at the Beginning of Tape (BOT). 

Byte four, Allocation Length, specifies the number of bytes to be returned to the initiator. The 
9502 can support from up to 40 bytes of Request Sense information. An Allocation Length of 
zero shall return zero bytes of request sense information. A Request Sense length greater than 
40 will not be considered an error, however, only 40 bytes will be returned. 



Table 1-11. REQUEST SENSE Command (03 H ) 



Bit 


7 


6 


5 


4 3 2 1 





Byte 











1 


1 


Byte 1 


LUN 


RESERVED 


Byte 2 






RESERVED 




Byte 3 






RESERVED 




Byte 4 


ALLOCATION LENGTH 


Byte 5 








RESERVED FLAG 


LINK 



The format of the Sense Bytes returned is shown in Table 1-12. 



1-20 



93-09612-003 General 

Descripti 

Table 1-12. SENSE BYTES DATA FORMAT 



Bit 


76543210 


Byte 


VALID 


| i . . 


DEFER 


Byte 1 


00000000 


Byte 2 


FMK 


EOM ILI 


SENSE KEY 


Byte 3 


INFORMATION BYTE (MSB) 


Byte 4 


INFORMATION BYTE 


Byte 5 


INFORMATION BYTE 


Byte 6 


INFORMATION BYTE (LSB) 


Byte 7 


ADDITIONAL SENSE LENGTH 


Bytes 8-11 


oooooooo 


Byte 12 


ADDITIONAL SENSE CODE 


Byte 13 


ADDITIONAL SENSE CODE QUALIFIER 


Byte 14 


oooooooo 


Byte 15 


SKSV 


RESERVED 


Byte 16 


(MSB) ACTUAL RETRY COUNT 


Byte 17 


(LSB) 


Bytes 18-39 


PADDED WITH ZERO'S (RESERVED FOR FUTURE USE) 



Byte 

Bits 0-6: Indicate that the error code information returned is of the Extended Sense 
format. 

Code 70H indicates that the Check Condition status returned is the result 
of an error or exception condition on the command that returned the Check 
Condition status. 

Code 71h indicates that the Check Condition status returned is the result 
of an error or exception condition on a previous command (deferred error). 
If during a Buffered Mode Write operation, an Medium Error or End of Tape 
is encountered, the next command issued to the unit will return Check 
Condition status (excluding the Request Sense command), and the Error 
Code will be set to 71h (deferred error). The current command (the 
command returning Check Condition) will not have been executed. 
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Bit 7: 



The VALID bit indicates that the information bytes contain valid device 
information. 



Byte 1 



SEGMENT NUMBER: The Segment Number is zero. 



Byte 2 



FMK: The last command failed because a File Mark was detected. This bit will not be 
set if the previous command was a Write File Mark command that completed 



EOM: The End-of-Media bit indicates EOT if the previous command was forward, or BOT 
if the previous command was reverse. 

I LI: The Incorrect Length Indicator indicates that the requested data transfer length 
did not match the length of the data block encountered on tape. 

SENSE KEY: The Sense Key gives detailed information on the completion status of the 
previous command. The Sense Key is defined in Table 1-13. 

Bytes 3-6 

INFORMATION BYTES: The Information Bytes are not defined if the VALID bit is zero. If the 
VALID bit is one, the information bytes contain valid information as follows: 

For Reads, Recovered Buffered Data, ... 

The difference (residue) between the requested length and the actual length in either bytes or 
blocks, as determined by the command (Negative values are indicated by two's complement 
notation). 

For Fixed Writes 

The number of data blocks and file marks in the buffer and the untransf erred block count. 
For Variable Writes 

Tli« mi m « f ^ n n k ,~-t- ~ n !„ 4-w~ v, ..ffc ~ — : i . , j: u: i i 

i«c Liumuci ui uctLa uyica 111 me uuncr, iiui muiuuiiig i ue ultima. 

Byte 7 

ADDITIONAL SENSE LENGTH: The Additional Sense Length specifies the amount of additional 
sense bytes to follow. 

Bytes 8-11 

Bytes 8 through 11 are set to zero. 

Bytes 12 and 13 ADDITIONAL SENSE CODES 

The Additional Sense Code and Additional Sense Qualifier provide additional device-specific 
error information. The additional sense error codes are shown in Table 1-14. 



properly. 
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Byte 14 

This byte is set to zero. 



General Description 



Bytes 15-17 

SENSE KEY SPECIFIC BYTES: 

If the Sense Key (Byte 2) is Recovered Error (01) and if the SKSV bit is set to one, then bytes 16 
& 17 contain the actual number of retries used in attempting to recover the error. 

The SKSV bit could be set to zero when no specific information is valid or defined. 
Bytes 18-39 

ADDITIONAL SENSE BYTES: These bytes will be filled with zero's; their use is reserved for 
future enhancements. 
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Table 1-13. SENSE KEY DESCRIPTIONS 



KEY 


Description 


Oh 


NO SENSE - Indicates that there is no error information to be reported. 
This occurs for a successful command, or a command that set Check 
Condition because one of the FMK, EOM, tape unit at BOT, or ILI bits are 
set to one. 




RECOVERED ERROR - Indicates that the last command completed 
successfully but with some recovery action performed. 


2 H 


NOT READY - Indicates that the LUN is not Ready and On-Line. (Not Rdy 
or Not_Onl or Rewinding) 


3h 


MEDIUM ERROR - Indicates an unrecoverable Tape error was detected 
during the previous Write, Read, WFMK or Space command. 


4H 


HARDWARE ERROR - The 9502 detected an unrecoverable hardware 
error, (Rewind issued with no Rewind status from drive, Erase to EOT 
issued with no EOT status reported by drive at command completion). 


5H 


ILLEGAL REQUEST - 

a.) Ait iiiegai uumiuana was requested in ine CUo. 

b) A Fixed Mode Read or Write operation was requested when the 9502 
was operating in variable mode. 

u; a variauie moae iteaa or write was requested wnen tne 9502 was 
operating in Fixed Mode. 

d) When in Fixed or Variable Mode, a selected block length is greater than 
maximum selected in the HOST I/O menu. 


6H 


UNIT ATTENTION - Indicates that the tape may have been changed (on- 
line - off-line - on-line), or that the 9502 has been reset or has not been 
accessed by the requesting Initiator since power-on. 


7 H 


DATA PROTECT - Indicates that a Write, WFMK, or Erase command was 
attempted on a Write-Protected LUN. No data will be written by the 9502. 


8 H 


BLANK CHECK - A Read, Read Reverse, Verify or Space command was 
attempted and no data blocks were found. Indicates 25 feet of blank tape. 


9H 


VENDOR UNIQUE - Error conditions unique to the Kennedy Tape Drive. 


a h 


COPY ABORTED - A Copy command was aborted due to an error condition 
on either the source or destination device. 


b h 


ABORTED COMMAND - The 9502 aborted the command. 


Dh 


VOLUME OVERFLOW - A write to tape was unsuccessful (end of media 
detected) and data still remains in the buffer. A Recover Buffered Data 
command may be issued to read the unwritten data from the buffer. 



1-24 



93-09612-003 



General Description 



Table 1-14. ADDITIONAL SENSE DATA 



Sense Key 


NO SENSE (OH) 


Byte # 




12 13 


Description 


00 00 


No additional sense information 


00 01 


File Mark Detected 


00 02 


End of Tape detected 


00 04 


Beginning of Tape detected 


00 05 


End of Data detected 


Sense Key RECOVERED ERROR (In) 


Byte # 




12 13 


Description 


17 01 


Recovered read data with read retries 


0D 01 


Recovered write data with write retries 


0E 00 


Recovered Interface Error 


Sense Key NOT READY (2 H ) 


Byte # 




12 13 


Description 



04 00 Drive Off-line 

04 01 Volume Not Ready (rewinding) 



Note ; If the Tape Unit is on-line and positioned at BOT, regardless of how it may 
have reached there, a Request Sense Command will return Sense Key NO SENSE 
(Oh) with Additional Sense Code, Bytes 12, 13 = OOh and 04fi, Beginning of Tape 
Detected, and the EOM bit not set. Receipt of any further Request Sense 
commands or any other non-motion commands shall not clear the BOT status. Only 
a command which causes movement away from the beginning of tape marker shall 
cause the BOT status to be cleared. A Space Reverse command into BOT will also 
set the EOM bit in The Request Sense returned information. 



Sense Key MEDIUM ERROR (3 H ) 
Byte # 

12 13 Description 



11 


00 


Unrecoverable Read Error 


11 


01 


Read retries exhausted 


14 


00 


No Record Found 


IF 


00 


Unrecoverable Write Error 


IF 


01 


Write retries exhausted - Block 


IF 


02 


Write retries exhausted - File mark 


23 


00 


Error During Space command 
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Table 1-14 
ADDITIONAL SENSE DATA 
(Continued) 



Sense Key HARDWARE ERROR (4 H ) 

Byte # 

12 13 Description 


40 01 


Ram Failure 


44 00 


Internal 9502 Error 


44 01 


Buffer Parity Failure 


51 00 


Erase Fault 


53 00 


Media Load Failure 


53 01 


Media Unload Failure 


56 00 


Failure to Sense BOT 


Sense Key ILLEGAL REQUEST (5h) 

Byte # 

12 13 Description 


26 00 
26 01 
26 02 
26 03 
26 04 
26 06 


Invalid field in Parameter List 
Requested Density not available 
Fixed Block Length not in valid range 
Not at BOT 

Requested speed not available 
Density not enabled 


34 01 
34 04 
34 07 
34 08 
34 0B 
34 0C 
34 0D 


Invalid command operation code 

Reserved bit/field used 

Fixed bit set while in variable block mode 

Fixed bit not set while in fixed block mode 

Requested block length not in valid range 

Unsupported function 

Immed bit set in unbuffered mode 


Sense Key UNIT ATTENTION (6h) 
Byte # 

12 13 Description 


28 00 


Not Ready to Ready transition (Tape changed) 


29 00 


Power-on, Reset or Bus Device Reset occurred, 
will be reported if unit is off-line. 
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Table 1-14 
ADDITIONAL SENSE DATA 
(Continued) 



Sense Key DATA PROTECT (7 H ) 
Byte # 

12 13 Description 



27 00 Write Protected 



Sense Key BLANK CHECK (8h) 
Byte # 

12 13 Description 



2E 00 Tape Void detected (25 feet) 



Sense Key VENDOR UNIQUE (9h) 

Byte # 

12 13 Description 



11 08 Incomplete Blk Read (Max blk size < Actual blk size) 

Sense Key ABORTED COMMAND (Bjj) 
Byte # 

12 13 Description 



43 03 Message Parity Error 

47 00 Interface Parity Error 



Sense Key VOLUME OVERFLOW (Dh) 

Byte # 

12 13 Description 



62 00 Overflow Error 
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1.13.4 READ BLOCK LIMITS 

The Read Block Limits command (Table 1-15) requests that the block length limits be returned 
for the logical unit. The Read Block Limits Data (Table 1-16) will be sent during the Data In 
phase of the command. 

Table 1-15. READ BLOCK LIMITS Command (05 H ) 



Bit 


7 6 5 4 3 2 1 


Byte 


1 


1 


Byte 1 


LUN 


RESERVED 


Byte 2 


RESERVED 


Byte 3 


RESERVED 


Byte 4 


RESERVED 


Byte 5 





RESERVED 


FLAG 


LINK 



Completion Status Codes for Read Block Limits Command: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict (18H) 

Check (02h) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready Unit Attention 

Illegal Request Aborted Command 



Table 1-16. READ BLOCK LIMITS DATA 



Bit 


7 6 5 4 3 2 1 


Byte 


RESERVED 


Byte 1 


MAXIMUM BYTE COUNT (MSB) 


Byte 2 


MAXIMUM BYTE COUNT 


Byte 3 


MAXIMUM BYTE COUNT (LSB) 


Byte 4 


MINIMUM BYTE COUNT (MSB) 


Byte 5 


MINIMUM BYTE COUNT (LSB) 
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Memory 
Size 



Front Panel 
Option 



Returned Block 
Limits 



256K PCB 
512K PCB 
1MEG PCB 



32K 00 00 80 00 00 01 max 

64K 00 01 00 00 00 01 max 

128K 00 02 00 00 00 01 max 

2S6K 00 03 FE EE 00 01 max 

2S6K 00 04 00 00 00 01 max 

256K 00 04 00 00 00 01 max 



32 K bytes 

64K bytes 
128K bytes 
256K minus 257 bytes 
256K bytes 
256K bytes 



MAXIMUM will allow the maximum memory size minus 257 bytes. 



256K PCB MAXIMUM 00 03 FE EE 00 01 max = 

512K PCB MAXIMUM 00 07 FE EE 00 01 max = 

1MEG PCB MAXIMUM 00 OF FE EE 00 01 max = 

In all cases the minimum size is 1 byte. 



256K minus 257 bytes 
512K minus 257 bytes 
1MEG minus 257 bytes 



If the maximum byte count equals the minimum byte count, then Fixed length blocks are 
specified, otherwise Variable length blocks are specified. 

I.E. the following returned block limits would show a Fixed Mode 32 K blk. 

00 00 80 00 80 00 



A problem exists in specifying Fixed length blocks of 64K or greater. Since the Maximum count 
has to equal the Minimum count, then with only 2 bytes (bytes 4 & 5 above) to specify the 
Minimum, a 64K block cannot be entered into a 2 byte field. A 64K or larger Fixed Length block 
will result in zero in the Minimum count and selected byte count (HOST I/O, MAX SIZE) in the 
Maximum count. 
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1.13.5 READ 

The Read command (Table 1-17) transfers one or more blocks to the Initiator beginning with the 
next block on the logical unit. The FIXED bit specifies both the meaning of the Transfer Length 
field and whether Fixed Length or Variable Length blocks are to be transferred. 



Table 1-17. READ Command (08h) 



Bit 


7 6 5 4 3 2 1 


Byte 


00001000 


Byte 1 


LUN 


RESERVED 


SILI 


FIXED 


Byte 2 


BYTES/BLOCKS TO TRANSFER (MSB) 


Byte 3 


BYTES/BLOCKS TO TRANSFER 


Byte 4 


BYTES/BLOCKS TO TRANSFER (LSB) 


Byte 5 





RESERVED 


FLAG 


LINK 



Fixed Length Transfer: 

If the FIXED bit is one, Fixed Length blocks will be transferred to the Initiator. The number of 
blocks to be transferred is specified in bytes 2-4 of the CDB. Fixed mode Read commands are 
valid only if the unit is currently operating in Fixed Block mode, units are in Fixed Block mode 
when either of the following conditions are true: 

a) The unit reports the same value for Minimum Byte Count and Maximum Byte Count 
in response to the Read Block Limits command. 

b) The unit has been instructed to use fixed block sizes with the Mode Select command. 

If the unit reads a File Mark prior to completing the Fixed Mode Read command, the 9502 will 
send Check Condition status to the Initiator, and set the FMK bit in the Extended Sense. The 
Information Bytes will be set to the difference between the requested number of blocks and the 
actual number of blocks read (not including the File Mark). 

If the unit encounters EOT prior to completing the Fixed Mode Read command, the 9502 will 
send Check Condition status to the Initiator, and set EOM in the Extended Sense. The 
Information Bytes will be set to the difference between the requested number of blocks read 
and the actual number of blocks read. A transfer length of zero indicates no data will be 
transferred. 



Variable Length Transfer: 

When the FIXED bit is zero, Variable Length blocks will be transferred to the Initiator. Bytes 2- 
4 of the CDB specify the number of bytes the Initiator has allocated for the returned data. 
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Suppress Incorrect Length Indicator: 

The SILI bit is only valid when not in Fixed mode. The following combinations nf Fixed hit and 
SILI bit are valid: 



SILI = 1 FIXED = 

The 9502 will not return Check Condition status if the only error is that the transfer length is 
not equal to the actual block length. However, if the actual block is longer than the requested, 
then the requested number of bytes will be returned. If the actual block is shorter than the 
requested, then the actual number of bytes will be returned. For clarity, the 9502 returns the 
smaller of the two values. 



SILI = FIXED - 1 

The 9502 will return Check Condition status and the ILI and Valid bits will be set to one in the 
sense data, if an incorrect length block is read. The information bytes will be set to the 
difference (residue) of the requested number of blocks minus the actual number of blocks read. 



SILI = FIXED = 

The 9502 will return Check Condition status and the ILI and Valid bits will be set to one in the 
sense data, if an incorrect length block is read. The information bytes will be set to the 
difference (residue) of the requested length minus the actual block length. 

Note : A transfer length of zero will result in no data being transferred. This will not be 
considered as an error condition. 

For both Fixed and Variable length modes: 

If 25 feet of blank tape is detected, the VALID bits will be set in the Extended Sense and the 
Sense Key will be set to 8h (Blank Check). If operating in Variable mode, the Information Bytes 
will be set to the difference between the requested transfer length and the zero bytes read from 
tape. If operating in Fixed mode, the Information Bytes will indicate the number of blocks not 
transferred to the Initiator. For both cases no data will be transferred. 

Completion Status Codes for Read Command: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict (18h) 

Check (02h) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready 
Illegal Request 
Aborted Command 
Blank Check 
Recovered Error 



Hardware Error 
Unit Attention 
EOM, ILI, FM 
Deferred Error 
Medium Error 
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1.13.6 WRITE 

The Write command transfers one or more blocks from the Initiator to the current position on 
the logical unit. The FIXED bit specifies the meaning of the Transfer Length field. 

Table 1-18. WRITE Command (OAjj) 



Rit 


7 6 


5 


4 3 2 


1 





Byte 








10 


1 





Byte 1 


LUN 


RESERVED 


FIXED 


Byte 2 


BYTES/BLOCKS TO TRANSFER (MSB) 


Byte 3 


BYTES/BLOCKS TO TRANSFER 


Byte 4 


BYTES/BLOCKS TO TRANSFER (LSB) 


Byte 5 





RESERVED 


FLAG 


LINK 



Variable Length Transfer; 

When the FIXED bit is zero the command will transfer a single block from the Initiator to the 
9502. Bytes 2-4 of the CDB specify the size of the block to be written (minimum block size = 1 
byte, maximum block size = front panel option dependent). 

Variable length Write commands are only valid when the unit is operating in Variable Mode (see 
Mode Select). If a Variable length Write is attempted when the unit is set to Fixed mode, or the 
requested byte count is greater than that specified in the front panel option, Check Condition 
status will be returned to the Initiator and the Sense Key in the Extended Sense will be set to 
Illegal Request. 

Note : A transfer length of zero will not be considered as an error. No data will be 
transferred between the initiator and the 9502. 

Buffered: 

When operating in Buffered Mode, many blocks can be held in the 9502 buffer. If EOT is 
encountered, (with the EOT option set to STOP) the 9502 will complete the writing of that block 
and STOP. On receipt of the next command the 9502 will report Check Condition - Deferred 
Error with EOM set and a residual count of the number of bytes remaining in the buffer. The 
initiator can flush the remaining blocks to tape by issuing any "WFMK" command. 

With the EOT option set to CONTINUE, the 9502 will write all buffered data to tape, stopping 
beyond EOT if necessary. 

Further writes past EOT will reduce the buffer to 1. Check condition with EOM set will be 
reported. 
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Fixed Length Transfer; 

When the FIXED bit is one, the command will transfer a number of blocks from the Initiator to 
the 9502 to be written to the addressed unit. Bytes 2-4 of the CDB specify the number of blocks 
to be transferred. Fixed mode Write commands are valid only if the unit is operating in Fixed 
Block Mode (see Read command). 

Non-Buffered: 

When EOT (or an unrecoverable error) is encountered, Check Condition status is returned and 
EOM (or Medium Error Sense key) is set in the sense byte. If any data remains in the 9502 
buffer, the Sense Key will be set to Volume Overflow and the Information Bytes will be set to 
the difference between the requested number of blocks and the actual number of blocks written 
to tape. 

Buffered: 

When EOT (STOP), (or an unrecoverable error) is encountered, the transfer of data from the 
9502 to the tape unit is halted, the Request Sense bytes are assembled as mentioned earlier, but 
byte of the extended sense bytes could be set. This is very much a timing dependent situation. 

If the next command is received before EOT is detected during a previous write then the 
returned status will be (7 OH). 

If EOT is detected after receipt of the command but prior to the status phase then (F1H) or 
(71fj) could be returned - deferred error. The current command will not have been executed. 

The information bytes can contain more than just the amount of blocks remaining in the buffer, 
they can also contain the as yet unreceived blocks from the host. For Example: 

The host issues a fixed buffered mode write of 2 blocks. The buffer can only fit one block in it. 
An error occurs EOT/EOM/Medium Error. The valid information bytes will contain the 
untransferred block + that remaining in the buffer. 

Note: In both cases, Buffered and Non-Buffered, its recommended that the initiator issue 
a Recover Buffer Data command to remove the unwritten data from the buffer. 

Completion Status Codes for Write Command: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict (18u) 

Check (02fj) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready 
Illegal Request 
Aborted Command 
Write Protect 
Recovered Error 
Deferred Error 



Hardware Error 
Unit Attention 
EOM 

Volume Overflow 
Medium Error 
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The Read Reverse command functions identically to the Read command except that tape 
motion is in the reverse direction. The block and bytes within the block are transferred in 
reverse order. 



Table 1-19. READ REVERSE Command (0F H ) 



Bit 


7 


6 


5 


4 3 2 


1 





Byte 











1 1 


1 


1 


Byte 1 


LUN 


RESERVED 


SILI 


FIXED 


Byte 2 




BYTES/BLOCKS TO TRANSFER (MSB) 






Byte 3 


BYTES/BLOCKS TO TRANSFER 


Byte 4 


BYTES/BLOCKS TO TRANSFER (LSB) 


Byte 5 








RESERVED 


FLAG 


LINK 



If BOT is encountered, Check Condition will be returned to the Initiator. The EOM bit will be 
set in the Extended Sense and the Sense Key will be set to No Sense. 

In Fixed Mode, the VALID bit will be set and the Information Bytes will be set to the difference 
between the requested number of blocks or bytes and the actual number of blocks or bytes 
transferred (same as Read at EOT). 

If the tape is positioned past EOT and a Read Reverse command is issued then no check 
condition for EOT being detected will be posted. A check condition for detecting EOT is only 
issued by a FORWARD motion command. 

File Mark handling is the same as in the Read command except that the tape will be positioned 
on the BOT side of the File Mark. 

Completion Status Codes for Read Reverse Command: 
Good (00 H ) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict (18h) 

Check (02jj) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready Hardware Error 

Illegal Request Unit Attention 

Aborted Command EOM, ILI, FM, BOT 

Blank Check Medium Error 
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1.13.8 WRITE FILE MARK 

The Write File Mark command causes the specified number of File Marks to be written to the 
media. 



Table 1-20. WRITE FILE MARK Command (10h) 



Bit 


7 


6 


5 


4 3 2 


1 





Byte 











1 








Byte 1 


LUN 


RESERVED 


IMMED 


Byte 2 


NUMBER OF FILE MARKS (MSB) 


Byte 3 




NUMBER OF FILE MARKS 


Byte 4 




NUMBER OF FILE MARKS (LSB) 






Byte 5 








RESERVED 


FLAG 


LINK 



The number of File Marks to be written is specified in bytes 2-4 of the CDB. A zero value 
specifies that no File Marks are to be written. 

This command is also used to force any data in buffer to be written to tape. During the previous 
Write command, if operating in Fixed mode, and a Medium Error was detected and a number of 
unwritten blocks remain in the buffer, Write File Mark can be used to force write these data 
blocks, provided good tape media exists. If the number of File Marks count is zero, the 
unwritten data will be written to tape and no File Marks will be written. If the count is other 
than zero, any unwritten data will be written to tape and the requested number of File Marks 
will then be written. 



Encountering EOT 

If, when writing File marks, EOT is encountered, and the EOT option is set to STOP the 
command wiU terminate with Check Condition status and the EOM bit in the Extended Sense 
will be set to one. Further, the Sense Key will be set to Volume Overflow, and the Information 
Bytes will be set to the number of unwritten File Marks (and possibly the number of write data 
blocks). Any buffered filemarks remaining to be written can be flushed by writing a further 
filemark (or a zero filemark). 



1-35 



General Description 



93-09612-003 



Writing File Marks Past EOT 

When positioned past EOT with no data in the buffer, a Write Filemark command with a count 
of one or more will write only ONE filemark. A subsequent Request Sense will indicate EOM, 
Volume Overflow and the information bytes will be set to the requested number minus one, 
indicating that only one filemark was written. 



Immediate Bit 

An immediate bit of one indicates that the 9502 will return status as soon as the CDB has been 
validated. An immediate bit of zero indicates that the 9502 will not return status until the 
operation has completed. 

However, a Write Filemark command in Non-Buffered Mode with the Immediate bit set will 
cause the command to be rejected. Check condition status with the sense key set to Illegal 
Request will be sent. 



Completion Status Codes for Write File Mark Command: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict (18jf) 

Check (02{j) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 



Possible conditions are: 

Not Ready 
Illegal Request 
Aborted Command 
Recovered Error 
Write Protect 



Hardware Error 
Unit Attention 
EOM, Deferred Error 
Volume Overflow 
Medium Error 



1.13.9 SPACE 

The Space command provides a variety of positioning functions which are determined by the 
CODE and COUNT fields. When spacing over blocks or file marks, the COUNT field specifies 
the number of blocks or file marks to be spaced over. Both forward and reverse positioning are 
supported. A positive value in the COUNT field indicates tape motion is forward, a negative 
value (2's complement) in the COUNT field indicates tape motion is reverse. This is true for 
codes 0, 1 and 2. Code 3 only operates in a forward direction and does not require a Count. 
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General Description 

Table 1-21. SPACE Command (11h) 



Bit 


7 


6 


5 


4 3 


2 


1 





Byte 











1 








1 


Byte 1 


LUN 


RESERVED 





CODE 


Byte 2 


COUNT (MSB) 


Byte 3 








COUNT 








Byte 4 






COUNT (LSB) 








Byte 5 








RESERVED 


FLAG 


LINK 



CODE field: 

The Code field bits determine the function to be executed. The Code field is defined as follows: 



CODE Description 

Oh Space Blocks 

lH Space File Marks 

2fj Space Sequential File Marks 

3h Space Physical End-of-Data 



When spacing over blocks or file marks, bytes 2-4 of the CDB specify the number of blocks or 
file marks to be spaced. 

If a file mark is encountered while spacing over blocks, the operation will terminate with Check 
Condition status returned to the Initiator. The Information Bytes in the Extended Sense will be 
set to the difference (residue) between the requested count minus the actual number of blocks 
spaced over (not including the file mark). This would be a 2's complement number if it was a 
reverse command. 

For both Space Blocks or Space File Marks, if EOT or BOT is encountered the above condition of 
setting the difference in the Information Bytes will again apply. 

When Spacing to and over Sequential File Marks, the Count field is interpreted as follows: 

1. A positive value N will cause the tape pointer to be positioned after the first 
occurrence of N consecutive filemarks, in a forward direction. 

2. A zero value will cause no change in the logical position of the tape pointer. 

3. A negative value (2's compliment) will cause the tape pointer to be logically positioned 
before (BOT side) the first occurrence of N consecutive filemarks, in a reverse 
direction. 
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When Spacing to Physical End-of-Data the Count field is ignored. Forward tape movement 
occurs until 25 feet of blank tape (or EOT) is encountered. When blank tape is encountered, the 
unit is repositioned immediately after the last data block on tape (at the start of the 25 feet of 
blank tape). 



Completion Status Codes for Space Command: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict (18H) 

Check (02h) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready Hardware Error 

Illegal Request Unit Attention 

Aborted Command EOM, FM, Blank Check 



1.13.10 INQUIRY 

This command requests that information regarding parameters of the 9502 and the LUN be sent 
to the Initiator. 



Table 1-22. INQUIRY Command (12 H ) 



Bit 


7 


6 


5 


4 


3 


2 


1 





Byte 











1 








1 





Byte 1 


LUN 






RESERVED 





Byte 2 


























Byte 3 


RESERVED 


Byte 4 


ALLOCATION LENGTH 


Byte 5 








RESERVED 


FLAG 


LINK 
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Byte four of the CDB specifies the number of bytes that the Initiator has allocated for returned 
data. Forty bytes of Inquiry data are available to the Initiator. If the Allocation Length requests 
zero bytes, zero bytes will be returned. This is not considered an error. A request of n bytes less 
than or equal to 40 bytes will return n bytes. If the Allocation Length exceeds forty bytes, only 
forty bytes will be transferred to the Initiator. The format of the returned Inquiry data is shown 
in Table 1-23. 

Note: An Inquiry command can be issued at anytime, even when the 9502 is 
disconnected. 

An Inquiry command never destroys sense data assembled in the 9502, nor does it destroy 
pending Check status information. 



Table 1-23. INQUIRY Command DATA 



Bit 


7 6 5 4 3 2 1 


Byte 


DEVICE TYPE 


Byte 1 


1 


DEVICE QUALIFIER 


Byte 2 





ANSI VERSION ID 
1 


Byte 3 


RESERVED 


Byte 4 


1 1 1 


Bytes 5-7 


oooooooo 


Bytes 8-15 


VENDOR IDENTIFICATION 


Bytes 16-31 


PRODUCT IDENTIFICATION 


Bytes 32-39 


REVISION LEVEL 



Byte - Device Type 

Byte = 01h Unit connected, powered on but not necessarily on-line, and identified as a 
sequential access device. 

Byte = 7Fjj Device not present. 
Byte 1 

Bit 7 indicates the media is removable. Bits 0-6, the Device Qualifier is a seven bit user- 
specified code which may be set via the front panel. 
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Byte 2 

Bits 0-2 Indicates that the 9502 employs the approved ANSI SCSI protocol, drawing on ANSI 
REV 17B, ANSI 3.131-1986 and SCSI-II enhancements. 

Byte 3 
Reserved. 

Byte 4 Additional Length 

Additional Length = 23 Fh 

Bytes 5-18 Vendor I.D. 
Returned data = KENNEDY 

ASCII = 4B 45 4E 4E 45 44 59 20 

Bytes 16-31 Product Identification 

Returned Data = 96x2 TAPE UNIT 

ASCII = 39 36 58 32 20 54 41 50 45 20 55 4E 49 54 20 20 

Bytes 32-39 Software Revision Level 
Returned Data = UUU-xxxY 

Where UUU = the Kennedy Software Identifier assigned to this piece of code. A numeric (257) 

xxx = the released revision level of the code. A numeric. 

Y = the unreleased modification revision. A letter. 
All released code will be 'A*. 

Completion Status Codes for Inquiry Command: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict (18fi) 

Check (02h) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Aborted Command Hardware Error 

Illegal Request Unit Attention 
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General Description 



The Verify command verifies one or more blocks, beginning with the next block on the LUN. 
The FIXED bit specifies both the meaning of the Verification Length field and whether Fixed or 
Variable length blocks are to be verified. 

The 9502 does not support byte compare mode, the verification performed is that of a media 
verification of the length of the block read from tape. The operation is similar to that of a Read 
command except no data is transmitted to the Initiator. 



Table 1-24. VERIFY Command (13h) 



Bit 


7 


6 


5 


4 3 


2 


1 





Byte 











1 





1 


1 


Byte 1 


LUN 


RESERVED 


IMMED 





FIXED 


Byte 2 


BYTES/BLOCKS TO VERIFY (MSB) 


Byte 3 


BYTES/BLOCKS TO VERIFY 


Byte 4 


BYTES/BLOCKS TO VERIFY (LSB) 


Byte 5 








RESERVED 


FLAG 


LINK 



Variable Length Transfer 

If the FIXED bit is a zero, bytes 2-4 specify the verification length of the next block on tape. If 
the actual block size read from tape is different than the specified number of bytes, Check 
Condition status will be returned to the Initiator and the ILI bit will be set in the Extended 
Sense. The Information Bytes will be set to the difference between the requested block length 
and the actual block length read from tape. 



Fixed Length Transfer 

If the FIXED bit is a one, bytes 2-4 specify the number of blocks to be verified. The Verify 
command terminates when the number of blocks to verify has been satisfied. When a File Mark 
or EOD is encountered, Check Condition status will be returned to the Initiator and the 
Information Bytes in the Extended Sense will be set to the difference between the requested 
number of blocks and the actual number of blocks verified. 

Note : Verify does not stop nor report EOT when EOT is encountered. 
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Completion Status Codes for Verify Command: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict (18H) 

Check (02h) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready 
Illegal Request 
Aborted Command 
Recovered Error 
Medium Error 



1.13.12 RECOVER BUFFERED DATA 

The Recover Buffered Data command is used to read data that has been transferred to the 9502 
buffer, but has not been written to tape. It is normally only used to recover data that was 
transferred to the 9502 but not written to tape because EOT or a Medium Error was detected. 

Table 1-25. RECOVER BUFFERED DATA (14 H ) 



Bit 


7 


6 


5 4 3 2 


1 





Byte 








10 1 








Byte 1 




LUN 


RESERVED 


SILI 


FIXED 


Byte 2 




NUMBER OF BLOCKS (MSB) 






Byte 3 






NUMBER OF BLOCKS 






Byte 4 


NUMBER OF BLOCKS (LSB) 


Byte 5 








RESERVED 


FLAG 


LINK 



This command is similar in operation to the Read command exeept that data is transferred from 
the 9502 buffer and not from tape. 

Blocks will be transferred from the 9502 buffer in the same order they would have been written 
to tape. 

The 9502 however supports Recovered Buffer Data commands for the exact number, greater 
than or less than the amount of data in the buffer. 



Hardware Error 
Unit Attention 
EOM, ILI, FM 
Blank Check 
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The following table illustrates the Recovered Buffer Data options that are supported: 

1) Fixed Mode - Requested # blks > Actual # blks in buffer 

2) Fixed Mode - Requested # blks = Actual # blks in buffer 

3) Fixed Mode - Requested # blks < Actual # blks in buffer 

4) Var Mode - Requested length > Actual length in buffer 

5) Var Mode - Requested length = Actual length in buffer 

6) Var Mode - Requested length < Actual length in buffer 



In scenarios 1) and 4) above, all the data in the buffer is transferred to the initiator. Check 
Condition will be reported with the information Bytes set to the difference between the 
requested number and the number of blocks/bytes held in the Data Buffer. 

In scenarios 3) and 6) above, a portion of the data in the buffer is transferred to the initiator. 
Check Condition will be reported with the information Bytes set to the difference between the 
requested number and the number of blocks/bytes held in the Data Buffer. It should be 
understood that the un-recovered portion of the buffer will be lost; therefore when in doubt use 
scenarios 1 & 4 or 2 & 5. 

Scenarios 2) and 5) transfer with good status the requested blocks / bytes. 

Note : A Write File Mark command executed at EOM with data still remaining in the data 
buffer will cause all the data resident in the buffer to be flushed to tape. 



Completion Status Codes for Recovered Buffered Data Command: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict (18h) 

Check (02h) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready Hardware Error 

Illegal Request Unit Attention 

Aborted Command EOM, ILI 
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The Mode Select command provides a means to specify media, unit or device parameters. Byte 4 
of the CDB specifies the length of a parameter list which is sent to the 9502 as data. The 
parameter list contains a list of extent descriptors. Each extent specifies Fixed or Variable 
block lengths, block size, and density code. The format of the data transmitted to the 9502 is 
listed in Table 1-27. 



Table 1-26. MODE SELECT Command (15h) 



Bit 


7 


6 


5 


4 


3 2 


1 





Byte 











1 


1 





1 


Byte l 


LUN 


PF 


RESERVED 


SP 


Byte 2 


RESERVED 


Byte 3 


RESERVED 


Byte 4 


PARAMETER LIST LENGTH 


Byte 5 








RESERVED 


FLAG 


LINK 



The 9502 does not support Saved Pages. If the Saved Pages bit is set, the 9502 will ignore that 
bit and the Mode Select will execute as if the bit were not set. 

The Page Format bit is not supported at this time. If the PF bit is set, the 9502 will ignore that 
bit and the Mode Select will execute as if the bit were not set. It is planned however to 
eventually support the Device Configuration Page - Page Code 10h. This manual will be revised 
when that feature is incorporated. 

Completion Status Codes for Mode Select Command: 
Good (00h) Good Status 

Busy (08n) The 9502 is busy executing a command. 

Reservation Conflict (18jj) 

Check (02jj) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready Hardware Error 

Illegal Request Unit Attention 

Aborted Command 
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Table 1-27. MODE SELECT DATA 



General Description 



Bit 


76543210 


Byte 


RESERVED 


Byte 1 


RESERVED 


Byte 2 





BM 


SPEED 


Byte 3 


LENGTH OF LIST 



LIST 



Bit 


7 


6 


5 4 3 


2 


1 





Byte 


DENSITY CODE 


Byte 1 




















Byte 2 




















Byte 3 




















Byte 4 


RESERVED 


Byte 5 






BLOCK SIZE (MSB) 








Byte 6 






BLOCK SIZE 








Byte 7 


BLOCK SIZE (LSB) 



Buffered Mode 

If the BM bit is set to a one, the 9502 will report GOOD status on Write commands as soon as 
the data block has been transferred to the 9502 buffer. 

During a Write File Mark command, all unwritten data blocks will be force written (flushed) to 
tape, except at EOM. If EOM is detected, an 02h Status followed by a Request Sense with EOM 
bit set to one is returned. 
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Speed Select 

Speed 

Code Speed Selected 

Oh Default, no change 

lH Low Speed Select 

2 H High Speed Select 

3h ~ F H Reserved 

Density Select 



Density 




Code 


Density Selected 


00 H 


Default (as selected by drive) 


01 H 


Select NRZI (800 cpi) 


02 H 


Select PE (1600 cpi) 


03 H 


Select GCR (6250 cpi) 


06 H 


Select 2XPE (3200 cpi) 



Variable/Fixed Mode Select 

The contents of Bytes 5-7 of the List determine whether Variable or Fixed Mode is selected. 

A block size field of zero specifies Variable Mode, with a minimum block length of 1 bytes and a 
maximum as selected from the front panel. 

A block size field up to and including 256K bytes will select Fixed Mode operations with a block 
length specified as that of the block size bytes (minimum block size is 1 byte). A field outside 
these ranges will result in Check Condition status and the Sense Key in the Extended Status will 
be set to Illegal Operation. 



1.13.14 RESERVE UNIT 

The Reserve Unit command reserves the specified logical unit for the exclusive use of the 
requesting Initiator or, if third-party reservation is selected, for use by another specified SCSI 
controller. 



Table 1-28. RESERVE UNIT Command (16") 



Bit 


7 


6 


5 


4 


3 2 


1 





Byte 











1 


1 


1 





Byte 1 


LUN 


3 PTY 


3 PARTY ID 


RES 


Byte 2 






RESERVED 






Byte 3 


RESERVED 


Byte 4 


RESERVED 


Byte 5 








RESERVED 


FLAG 


LINK 
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General Description 



Completion Status Codes for Reserve Unit Command: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Check (02ji) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready Hardware Error 

Illegal Request Unit Attention 

Aborted Command 

Reservation Conflict Status (18h) The unit is already 

reserved by another initiator. 



If the 3 PTY bit is zero, then the third-party reservation option is not requested. If the 3 PTY 
bit is one, then the Reserve Unit command reserves the specified logical unit for the SCSI 
device specified in the 3rd Party ID field. 

The reservation will remain in effect until superseded by another Reserve Unit command from 
the same Initiator or until released by a Release Unit command from the same Initiator, or a 
Bus Device Reset Message from any Initiator, or a "Hard" Reset condition. The occurrence of 
the last two conditions is indicated by a Sense Key of Unit Attention on the next command 
following the condition. It is not an error to issue this command to a logical unit that is 
currently reserved by the requesting Initiator. If the logical unit has been previously reserved by 
another Initiator then the 9502 returns Reservation Conflict status. 

The third-party reservation option for the Reserve Unit command allows an Initiator to reserve 
a logical unit for another SCSI device. This option is intended for use in multiple Initiator 
systems that use the Copy command. 

An Initiator that holds a current reservation may modify that reservation (switch third parties) 
by issuing another Reserve Unit command. 
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The Release Unit command releases the logical unit if it is currently reserved by the requesting 
Initiator. 



Table 1-29. RELEASE UNIT Command (17 H ) 



Pit 
Oil 


7 


6 


5 


4 


3 2 


1 





Byte 











1 


1 


1 


1 


Byte 1 


LUN 


3 PTY 


3 PARTY ID 


RES 


Byte 2 


RESERVED 


Byte 3 


RESERVED 


Byte 4 


RESERVED 


Byte 5 








RESERVED 


FLAG 


LINK 



It is not an error to attempt to release a logical unit that is not currently reserved by the 
requesting Initiator. However, it will not be released if it is reserved by another Initiator. The 
third-party release allows an Initiator to release a logical unit that was previously reserved 
using the third-party reservation. 

If the 3 PTY bit is zero, then the third-party release option is not requested. If the 3 PTY bit is 
one, then the 9502 will release the specified logical unit, but only if the reservation was made 
using the third-party reservation option by the same Initiator for the same SCSI device as 
specified in the 3rd Party ID field. 

Completion Status Codes for Release Unit Command: 



Good (OOh) 
Busy (08h) 
Check (02 H ) 



Good Status 

The 9502 is busy executing a command. 
Refer to Request Sense extended status 
(Non-Buffered Mode Only) 



Possible conditions are: 

Not Ready 
Illegal Request 
Aborted Command 



Hardware Error 
Unit Attention 



Reservation Conflict Status (18h) 



The unit is already 

reserved by another initiator. 
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1.13.16 ERASE 

The Erase command erases all or part of the remaining tape, beginning at the current tape 
position. 

Table 1-30. ERASE Command (19 H ) 



Bit 


7 


6 


5 


4 3 2 


1 





Byte 











1 1 





1 


Byte 1 


LUN 


RESERVED 


IMMED 


LONG 


Byte 2 


RESERVED 


Byte 3 


RESERVED 


Byte 4 


RESERVED 


Byte 5 








RESERVED 


FLAG 


LINK 



The distance to be erased is controlled by the LONG bit. If the LONG bit is zero, 3.5 inches of 
tape will be erased. If the LONG bit is a one, tape will be erased from its current position to 
EOT. At the completion of the command, tape will be positioned approximately 5 feet past 
EOT. 

Note: Individual Write operations that occur after EOT may cause data to be written 
further than 5 feet past EOT, this data will not be erased by the Long Erase command. 

If the IMMED bit is set, completion status will be returned immediately. If a subsequent 
command is issued, before the erase immediate completes, the 9502 will report BUSY. 

The Erase will flush any buffered data and will report deferred error if the flush fails. The erase 
will not have been executed. 

Completion Status Codes for Erase Command: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict (18H) 

Check (02h) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready Hardware Error 

Illegal Request Unit Attention 

Aborted Command Write Protect 
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1.13.17 MODE SENSE 

The Mode Sense command provides a means for 
parameters to the Initiator. 
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the 9502 to report its media and device type 



Table 1-31. MODE SENSE Command (1A H ) 



Bit 


7 




6 


5 


4 


3 


2 




1 





Byte 













1 


1 







1 





Byte 1 


LUN 




RESVD 





RESERVED 


Byte 2 




PC 




PAGE CODE 








Byte 3 


RESERVED 


Byte 4 


LENGTH OF DATA LIST 


Byte 5 








RESERVED 


FLAG 


LINK 



The Length of Data List specifies the maximum number of bytes that may be returned by the 
9502 as data. The format of the data returned is shown in Table 1-32. 

The PC and Page Code fields are ignored at this time. It is planned however to support these 
features in the future. This manual will be updated to reflect those changes. 



Completion Status Codes for Test Unit Ready Command: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict (18h) 

Check (02fj) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready Hardware Error 

Illegal Request Unit Attention 

Aborted Command 
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Table 1-32. MODE SENSE DATA FORMAT 



Bit 


7 


6 


5 


4 


3 


2 


1 





Byte 














1 





1 


1 


Byte 1 


























Byte 2 


WP 








BM 


SPEED 


Byte 3 














1 











Byte 4 


DENSITY CODE 


Byte 5 


























Byte 6 


























Byte 7 


























Byte 8 


RESERVED 


Byte 9 


BLOCK LENGTH (MSB) 


Byte 10 






BLOCK LENGTH 








Byte 11 


BLOCK LENGTH (LSB) 



Byte 

Sense Data Length: Length in bytes of the following data (OBh) 
Byte 1 

Medium Type (OOjj) 
Byte 2 

Bits 0-3 (SPEED): Code values for the Speed field are as follows: 
Code Speed 

Oh Default Speed - Autospeed * 

lH Low Speed 

2 H Hi-Speed 

* Default Speed - Autospeed. The tape drive incorporates the ability to change speed from 
50ips to lOOips after execution of 3 reads or writes. The 9502 extends that feature by 
starting at lOOips if it knows its going to be executing at least 3 reads or writes. 

Bit 4 (BM): 

If the BM (Buffered Mode) bit is set to one, the 9502 will report Good status on 
Write commands as soon as the data has been transferred to the 9502 buffer. 
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Bit 7 (WP): 

If the WP (Write Protect) bit is set to one, it indicates that the tape is Write 
Protected. 

Byte 3 

Block Length (08h) - Valid parameter list length. 
Byte 4 

DENSITY CODE: Code values for the Density field are as follows: 



Code 


Density 


01 H 


NRZI (800 cpi) 


02 H 


PE (1600 cpi) 


03 H 


GCR (6250 cpi) 


06 H 


2XPE (3200 cpi) 



Bytes 5-7 

Bytes 5-7 will be returned as all zeros 
Byte 8 

Byte 8 reserved 

Bytes 9-11 Block Length: 

If the Block Length bytes are returned as zero, the specified unit is operating in Variable mode. 

If the Block Length bytes are returned as non-zero, the specified unit is operating in Fixed 
mode. 

The Fixed block length is specified by the value of the Block Length bytes. 
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1.13.18 LOADVUNLOAO 

The Load\Unload command will either Load or Unload a tape depending on the value of the 
LOAD bit. 



Table 1-33. LOAD/UNLOAD Command (IBjj) 



Bit 


7 


6 


5 


4 3 


2 


1 





Byte 











1 1 





1 


1 


Byte 1 


LUN 


RESERVED 


IMMED 


Byte 2 


RESERVED 




Byte 3 


RESERVED 


Byte 4 


RESERVED 








LOAD 


Byte 5 








RESERVED 


FLAG 


LINK 



Completion Status Codes for Load/Unload Command: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict (18H) 

Check (02^) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Aborted Command Hardware Error 

Illegal Request Unit Attention 

A LOAD bit of one will load and position the mounted tape to the BOT marker and go on-line. 

A LOAD bit of zero rewinds the tape to BOT, with the specified unit going off-line. Tape is then 
unwound from the take-up reel onto the supply reel, thus allowing the tape to be removed from 
the unit. 

An IMMED bit of one will return completion status as soon as the 9502 receives and interprets 
the command. A subsequent command issued to a drive while in the process of loading 
Immediately will return BUSY status. When the IMMED bit is zero, the unit will disconnect upon 
receipt of the command and reconnect and send completion status when the operation is 
complete. 

An Unload will flush any buffered data to tape. If the flush should fail a deferred error will be 
posted and the Unload will not have been executed. 
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1.13.19 RECEIVE DIAGNOSTIC RESULTS 

The Receive Diagnostics Results command requests that analysis data be sent to the Initiator 
after completion of a Send Diagnostic command. 



Table 1-34. RECEIVE DIAGNOSTIC RESULTS Command (ICr) 



tJlX 


7 


6 


5 


4 3 2 


1 





Byte 











1 1 1 








Byte 1 


LUN 


RESERVED 


Byte 2 


RESERVED 


Byte 3 


ALLOCATED LENGTH (MSB) 


Byte 4 


ALLOCATED LENGTH (LSB) 


Byte 5 








RESERVED 


FLAG 


LINK 



Completion Status Codes for Receive Diagnostic Results: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict (18h) 

Check (02jj) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready Hardware Error 

Illegal Request Unit Attention 

The Allocation Length specifies the number of bytes to be returned to the Initiator as diagnostic 
data. 

The 9502 allocates 9 bytes of data, if the Allocation Length is greater than 9 bytes, only 9 bytes 
are returned. 

The diagnostic data sent by the 9502 during the Data In phase is shown in Table 1-35. 
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Table 1-35. DIAGNOSTIC RESULTS DATA 



Bit 


7 6 5 4 3 2 1 


Byte 


ERROR NUMBER 


Byte 1 


TEST NUMBER 


Byte 2 


INFORMATION BYTE (MSB) 


Byte 3 


INFORMATION BYTE 


Byte 4 


INFORMATION BYTE (LSB) 


Byte 5 


EXPECTED DATA BYTE 


Byte 6 


ACTUAL DATA BYTE 


Byte 7 


STATUS BYTE 1 


Byte 8 


STATUS BYTE 2 
— 



Byte 

Error Number: If the Error Number is returned as 0Oh» then the command completed 
successfully. Non-Zero codes indicate the cause of the error. 



Code 


Failure 


80 H 


Dynamic RAM data error 


81 H 


Write File Mark error 


82 H 


Erase error 


83 H 


Rewind error 


84 H 


Blank Tape error 


85 H 


Block Length error 


86 H 


Data error 


87 H 


Tape Parity error 


88 H 


Read Reverse error 


89 H 


Abnormal status 
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Test Number: If the Error Number is non-zero, this indicates the failing test. 

Information Bytes (2-4): If the error is a Dynamic RAM error, the Information Bytes indicate 
the failing RAM address. If the error is a Block Length error, the Information Bytes indicate the 
difference between the requested block size and the actual block size from tape. 

Bytes 5-6: If the error is a RAM data error, or a data error, Byte 5 contains the Expected Data 
and byte 6 contains the Actual Data byte. 

Status Bytes: Status Bytes 1 Be 2 indicate status signals from the tape unit. 



Status Byte 1 



Bit 



6 



Hardware errorj 

Write error 
Max Retries exhausted 

End of Tape 



Notes : 

Hardware Error = Internal Parity Error or 

Failing RAM Test or 
Failing Self Test 



Ready_ 



Rewinding 



File Protect 



On-Line 



Write Error = Exhausted Write Retries 

Max Retries = Exhausted Write / Read Retries 
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General Description 



Bit 



6 



Parity Error | 

I 

File MarkJ 

Hard Error 



Hi-Speed 



NRZI 



= GCR, 2 = DDPE 

1 = P.E, 3 = NRZI 



BOT 
Density 



Code 



1.13.20 SEND DIAGNOSTIC 

The Send Diagnostic command requests the 9502 to perform diagnostic tests on itself and/or the 
specified tape unit. After completion of the Send Diagnostic command the User should issue a 
Receive Diagnostic Results command to check on the success or failure of the command. 



Table 1-36. SEND DIAGNOSTIC Command (IDr) 



Bit 


7 


6 


5 


4 


3 


2 


1 





Byte 











1 


1 


1 





1 


Byte 1 


LUN 








STEST 





UNIT 


Byte 2 






RESERVED 








Byte 3 


PARAMETER LIST LENGTH (MSB) 


Byte 4 


PARAMETER LIST LENGTH (LSB) 


Byte 5 








RESERVED 


FLAG 


LINK 
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Completion Status Codes for Send Diagnostic Command: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict <18h) 

Check (02n) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Illegal Request 



SELF TEST: If the Self Test (STEST) bit is a one, the 9502 Dynamic Ram test is performed. 

No tape motion is performed, the Parameter List Length bytes are ignored and 
no Parameter Information is requested by the 9502. If the Self Test completes 
successfully, the command will be terminated with GOOD status, otherwise, the 
command will be terminated with Check Condition status and the Sense Key in 
the Extended Sense will be set to Hardware Error. 



UNIT TEST: If the Self Test (STEST) bit is set to zero and the UNIT bit is set to one, the 9502 
will request that the Parameter List be transferred. 



The Parameter List Length bytes specify the length in bytes of the parameter 
list that will be transferred during the Data Out phase. 



SELF TEST UNIT TEST 

No Action Good Status Returned 

1 Motion Test 1-5 

1 Self Test DRAM 
1 1 Self Test DRAM 
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Table 1-37. PARAMETER LIST DATA FORMAT 



Bit 


7 6 5 4 3 2 1 


Byte 


TEST 1 - PASS COUNT 


Byte 1 


TEST 2 - PASS COUNT 


Byte 2 


TEST 3 - PASS COUNT 


Byte 3 


TEST 4 - PASS COUNT 


Byte 4 


TEST 5 - PASS COUNT 


Byte 5 


TEST 5 - BLOCK LENGTH (MSB) 


Byte 6 


TEST 5 - BLOCK LENGTH (LSB) 


Byte 7 


TEST 5 - DATA BYTE 


Byte 8 


TEST 5 - DATA INCREMENT 



The Pass Count specifies the number of passes of any particular test. For example to perform 
two passes of Test 2 and three passes of Test 4, the following bytes would be transmitted as the 
Parameter List: 



yte 


Value 


Description 





00 H 


Pass Count Test 1 = 


1 


02 H 


Pass Count Test 2 = 2 


2 


00 H 


Pass Count Test 3 = 


3 


03 H 


Pass Count Test 4 = 3 


4 


00 H 


Pass Count Test 5 = 



All diagnostic tests are performed consecutively. In the previous example, two passes of Test 2 
will be performed before beginning three passes of Test 4. If an error is detected in any of the 
tests, the Send Diagnostic command will be terminated with Check Condition. A Receive 
Diagnostic command should then be performed to find the reason for the failure. 

TEST 1: Test 1 tests the basic motion functions of the tape unit. The functions tested are: 

Rewind Write File Mark Erase 
Blank Tape Detection 
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TEST 2: Basic Read and Write functions of the 9502/96XX are tested. Two hundred and fifty 
six (256) blocks, each 8K bytes long are written to tape. The tape is then rewound 
and verified in the forward and reverse directions. 

TEST 3: Blocks of incrementing length are written to tape. The length of the first block is 16 
bytes, the second, 32 bytes and subsequent block lengths being incremented by 16 
bytes per block until an 8K byte block is written. The tape is then rewound and 
verified. 



TEST 4: The data buffer is tested. Initially the entire buffer is written and verified with a 
pseudo-random pattern. The entire buffer is then written to tape in IK byte blocks at 
high speed. This process is repeated until one (1) megabyte has been written and then 
the tape is rewound. The tape is then read and 128K of the buffer is filled with the 
data read from tape before verification begins. The Read/Verification process is 
performed eight (8) times. 

TEST 5: This test is a field service type scope test. Bytes 5 and 6 of the Parameter List 
specify the length of the block to be written and read from tape. Byte 7 specifies the 
initial data byte, byte 8 specifies the byte increment. For example, if the User 
wished to Write 128 byte blocks of all l's, bytes 5-8 of the Parameter List would be: 



Byte Value 

5 00 H 

6 80 H 

7 FF H 

8 00 H 



Test 5 Writes the specified data and block length until EOT is detected, at which 
point tape is rewound and read. No Parity/Data checks are performed during Test 5. 
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1.13.21 WRITE DATA BUFFER 

The Write Data Buffer command is used in conjunction with the Read Data Buffer command as 
a diagnostic function for testing the 9502 memory and SCSI Bus integrity. 



Table 1-38. WRITE DATA BUFFER Command (3B H ) 



Bit 


7 


6 


5 


4 3 2 


1 





ny xe u 








1 


110 


1 


1 


□yic j. 


LUN 


RESERVED 


MODE 


Byte 2 


BUFFER ID 


Byte 3 






BUFFER OFFSET (MSB) 






Byte 4 






BUFFER OFFSET 






Byte 5 


BUFFER OFFSET (LSB) 


Byte 6 


TRANSFER LENGTH (MSB) 


Byte 7 


TRANSFER LENGTH 


Byte 8 


TRANSFER LENGTH (LSB) 


Byte 9 








RESERVED 


FLAG 


LINK 



The MODE field is defined as foUows: 



Value Description 

Oh Combined Header and Data 

lH Reserved 

2h Data Mode 

3{j Reserved 
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Completion Status Codes for Test Unit Ready Command: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict (18h) 

Check (02h) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready Hardware Error 

Illegal Request Unit Attention 

Aborted Command 



COMBINED HEADER AND DATA MODE: 

In this mode, data to be transferred is preceded by a four byte header. The Buffer Id and Buffer 
Offset bytes are ignored and should be set to zero. The Transfer Length specifies the maximum 
number of bytes that shall be transferred during the Data Out phase. This number includes the 
four byte header, so the data length to be stored in the 9502 buffer is the transfer Length minus 
four. 

If the User wishes to write to all memory locations of the 9502 buffer, the Transfer Length 
should be set to 4004h. If the Transfer Length exceeds the 9502 buffer size plus four, Check 
Condition status will be returned and the Sense Key in the Extended Sense will be set to Illegal 
Request. 

The four byte header consists of all reserved bytes. No check is performed by the 9502 on the 
validity of the header data transferred. 



DATA MODE: 

In this mode, the Data Out phase contains buffer data. The buffer within the 9502 is arranged as 
one contiguous buffer, the Buffer ID byte should be set to zero. If the Buffer ID byte is non- 
zero, Check Condition status will be returned and the Sense Key in the Extended Sense will be 
set to Illegal Request. 

The Buffer Offset is the byte offset within the 9502 where the data will be stored. The Transfer 
Length specifies the maximum number of bytes that shall be transferred during the Data Out 
phase and stored in the 9502 buffer. The User should ensure that the Transfer Length plus the 
Buffer Offset does not exceed the capacity of the 9502 buffer. If the Transfer Length plus 
Buffer Offset specify a length that exceeds the 9502 buffer size, Check Condition status will be 
returned and the Sense Key in the Extended Sense will be set to Illegal Request. 
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1.13.22 READ DATA BUFFER 



General Description 



The Read Data Buffer command is used in conjunction with the Write Data Buffer command as 
a diagnostic function for testing the 9502 memory and the SCSI Bus integrity. 

Table 1-39. READ DATA BUFFER Command (3CH) 



Bit 


7 6 5 4 3 2 1 


Bvte 


11110 


Bvte 1 


LUN RESERVED 


MODE 


Bvtp 2 


BUFFER ID 


Byte 3 


BUFFER OFFSET (MSB) 


Byte 4 


BUFFER OFFSET 


Byte 5 


BUFFER OFFSET (LSB) 


Byte 6 


ALLOCATION LENGTH (MSB) 


Byte 7 


ALLOCATION LENGTH 


Byte 8 


ALLOCATION LENGTH (LSB) 


Byte 9 


RESERVED 


FLAG LINK 



The MODE field is defined as follows: 
Value Definition 

Oh Combined Header and Data 

lH Reserved 

2h Data Mode 

3fj Descriptor Mode 

Completion Status Codes for Test Unit Ready Command: 
Good (00h) Good Status 

Busy (08h) The 9502 is busy executing a command. 

Reservation Conflict (18h) 

Check (02h) Refer to Request Sense extended status 

(Non-Buffered Mode Only) 

Possible conditions are: 

Not Ready Hardware Error 

Illegal Request Unit Attention 

Aborted Command 
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In this mode, a four byte header (see Table 1-40), followed by data bytes are returned to the 
Initiator during the Data In phase. The Buffer ID and the Buffer Offset are reserved. The 
Allocation Length specifies the maximum number of bytes that the Initiator has allocated for 
the returned header and data. An Allocation Length of zero indicates that no header or data 
shall be transferred. Any other value indicates the maximum number of bytes that shall be 
transferred. 

The 9502 terminates the Data In phase when the Allocation Length bytes of header plus data 
have been transferred, or when all available header and data has been transferred to the 
Initiator, whichever is less. 



DATA MODE: 

In this mode, the Data In phase contains buffer data. The buffer within the 9502 is arranged as 
one contiguous buffer, the buffer ID byte should be set to zero. If the Buffer ID is non-zero, 
Check Condition status will be returned and the Sense Key in the Extended Sense will be set to 
Illegal Request. 

The Buffer Offset is the byte offset within the 9502 from where data will be transferred. 

The Allocation Length specifies the maximum number of bytes that shall be transferred during 
the Data In phase. The Initiator should ensure that the Transfer Length plus the Buffer Offset 
does not exceed the capacity of the 9502 buffer. 

The Available Length specifies the total number of data bytes that are available in the 9502's 
buffer. This number is not reduced to reflect the Allocation Length, nor is it reduced to reflect 
the number of bytes written using the Write Buffer command. Following the Read Buffer 
Header, the 9502 transfers data from the buffer. The number of data bytes transferred 
following the Read Buffer Header will be the lesser of the Allocation Length minus four, or the 
Available Length. 
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Table 1-40. READ BUFFER HEADER 



Bit 


7 6 5 4 3 2 1 


Byte 


RESERVED 


Byte 1 


AVAILABLE LENGTH (MSB) 


Byte 2 


AVAILABLE LENGTH 


Byte 3 


AVAILABLE LENGTH (LSB) 



DESCRIPTOR MODE: 

In this mode, a minimum of four bytes of Read Buffer information are returned. The 9502 
returns information for the buffer specified by the buffer ID. Since the 9502 is organized as one 
contiguous buffer and if the buffer ID byte is non zero, the 9502 will return all zeros. If the 
initiator selects an allocation length of greater than four bytes, only four bytes are transferred 
to the initiator. The Read Data Buffer is defined as follows: 



Table 1-41. READ BUFFER DATA 



Bit 


7 


6 


5 4 3 


2 


1 





Byte 




















Byte 1 


MSB 




BUFFER CAPACITY 








Byte 2 


BUFFER CAPACITY 


Byte 3 


LSB 




BUFFER CAPACITY 









1.14 HOST INTERFACE TIMING 

Figures 1-3 thru 1-5 illustrate SCSI Timing. 



1-65 



General Description 



93-09612-003 



-MY - 




Bus Set Delay = maximum time from check of Bus Free (BSY 
and SEL not asserted) until assertion of BSY and ID (1.8 us) 

Bus Free Delay = minimum lime Bus must be left free (800 ns) 

Bus Clear Delay = time to clear from Bus after drop of BSY 
for Bus Free Phase or asserting of SEL for Arbitration Phase by 
other device (800 ns) 

Arbitration Delay = Minimum time for asser- 
ting BSY to check if Arbitration is won (2.2us) 
r Bus Settle Delay (400 ns) J 

. ' . I » ; i i i 



-86L- 



-BEO- 



-ATO- 



-flST- 



DM7-O.P) ■ 



NOTE: 

DB(7) = Most Significant Bit 

= Highest Priority ID for 
Arbitration 

DB(P) = Data Parity (Odd). 
Parity is not valid during 
Arbitration. The use of Parity is 
a system option. 

In a typical system, the Com- 
puter's Host Adapter is the 
Initiator and the I/O Device's 
Control Unit is the Target. 



Arbitration D'a 



I 



Initiator Tries to 
get bus 

I ARBITRATION — 
" PHASE ~ 



I 



I 



I I 

_i — 1_ 



- 3ytlflnw with no 
arbitration Mart hara 



Initiator K> * Target O 



Initiator has Bus and 
selects Target 



I— After Initiator sees 
that Bus is free 
(BSY & SEL are not 
asserted), it waits a 
minimum of Bus 
Free Delay and 
asserts BSY and its 
own ID on the Data 
Bus. 

L- After the Arbitra- 
tion Delay, the 
Initiator checks the 
Data Bus and clears 
itself from Arbitra- 
tion if a higher 
priority ID (DB7 = 
highest) is on the 
bus. 

r- If SEL is asserted 
during Arbitration 
by another device, 
the Initiator will 
immediately clear 
itself from Arbitra- 
tion within Bus 
Clear Delay Time. 

I— If the Initiator de- 
termines that its 
own ID is the high- 
est asserted, then it 
wins arbitration and 
asserts SEL (it then 
may not change any 
lines until after 
waiting a Bus Settle 
Delay). 



Figure 1-3. SCSI Timing Diagram. 
Arbitration, and Selection Phases 



- SELECTION - 
I PHASE 



t- Initiator asserts Data Bus 
with desired Target's ID 
and Initiator's ID. 

After two deskew Delays, 
the Initiator drops BSY. 

L The selected Target sees 
that BSY is not asserted 
while SEL and its ID are 
asserted. The Target re- 
sponds by asserting BSY. 

h After two Deskew Delays, 
the Initiator drops SEL 
and may change the Data 
Lines. 

j- Note: After Initiator drops 
SEL, it is the only Bus 
Device that can assert 
ACK and ATN (and the 
Data Lines if I/O is not 
asserted (indicating output 
from the Initiator). 

p Note: After Target sees 
SEL drop, the Target is 
the only Bus Device that 
can assert BSY, C/D, I/O, 
MSG, REQ, and the Data 
Lines if I/O is asserted 
(Indicating input to the 
Initiator). 

I- Note: In systems in which 
the Arbitration Phase is 
not implemented, the Ini- 
tiator first detects the 
Bus Free Phase (BSY and 
SEL not asserted), and 
then waits for a Bus 
Settle Delay. Then the 
Initiator asserts the Data 
Bus with the desired 
Target's ID and its own 
ID. Then, as described 
above, the Target res- 
ponds with BSY and the 
Initiator drops SEL. 
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Sua MttW (May ' (400 na) 




-^1 



Typical HECr/"ACK' handahaaa eyela 



i i 



-l» fl- 



oat data (Wrlla parlpharal). 



DO(7-0.P>f 



Ut CM) byta 



Target requests 
Initiator 



» — Last nun 



Last CMD byta 



Command from 



paripharanj i^-Laatdat 

valid "^ nay " x »»"d x »i 

)r«t data ^— "i 



Laat data (writ* parioharal) 



IFkat 
'(raad 



Laat data 
(raad parlpharal) 



: COMMAND PHASE: 



- Target asserts C/D and does not 
assert I/O or MSG. 

- After a Bus Settle Delay, Target 
asserts REQ. 

-Initiator puts Data (Command) on 
the Bus and asserts ACK. 

■Target waits a Deskew Delay, takes 
the Data and then drops REQ. 

-Initiator drops ACK and Data. 



Target requests Data Transfer 
with Initiator 



:DATA PHASE— - 



- <Read Peripheral Device> 

- Target asserts I/O and does not 
assert C/D or MSG. Target then 
waits at least a Bus Settle Delay 
before asserting REQ. 

-Target also puts Data on the Bus at 
Deskew Delay before asserting REQ. 

-Initiator takes Data and asserts 
ACK. 

-Data is no longer guaranteed valid. 

-Target drops REQ. 

-Initiator drops ACK. 

-<Write Peripheral Device) 

-Target asserts REQ and does not 
assert I/O, C/D, or MSG. 

-Initiator asserts ACK and Data. 

-Target wait a Deskew Delay, then 
takes the Data; then drops REQ. 

-Data is no longer guaranteed valid. 

-Initiator drops ACK. 



Figure 1-4. SCSI Timing Diagram, Command, and Data Phases 
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Reset Hold Time = 25 us 

SEL = Response Timeout = 250 ms 

REQ = Response Timeout = (TBD) 

Max Cable Skew = 10 ns 

Cable Delay (6 meters) = 240 ns 




CZlSTATUS PHASE = 
| (Ending Status) — 

I 

I— Target asserts C/D 
and I/O, and does 
not assert MSG. 
After a Bus Settle 
Delay, it asserts 
REQ. 

p Target also asserts 
Data (Status) at 
least a Deskew De- 
lay before REQ. 

I- Initiator takes data 
and asserts ACK. 

f—Data is no longer 
I guaranteed valid. 

'—Target drops REQ. 

— Initiator drops ACK 
in response to the 
drop of REQ. 

I- Note: In theory, 
more than one Sta- 
tus Byte could be 
sent. 



— MESSAGE PHASER 

— (Interrupt) — 

• Target asserts C/D, 
I/O, MSG. After 
Bus Settle Delay, 
it asserts REQ. 

• Note: Message sent 
here could indicate 
Command Done In- 
terrupt. 

■Initiator takes Data 
and asserts ACK. 

(—Data is no longer 
guaranteed valid. 

j-Target drops REQ. 

p-Then Initiator drops 
ACK in response to 
the drop of REQ. 

|— Note: In theory, 
more than one 
Message Byte could 
be sent. 



_J I 

Z BUS FREE PHASE ^ 

• Target drops BSY 
to indicate that 
the Bus is free. 

j— Target and Initiator 
get off the Bus 
(within Bus Clear 
Delay Time) in 
preparation for a 
subsequent Arbi- 
tration. 



Figure 1-5. SCSI Timing Diagram, Status, Message, and Bus Free Phases 
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1.15 SCSI TIMING CONSIDERATIONS 
1.15.1 SUSTAINED DATA TRANSFER RATE 

To maintain streaming, the INITIATOR must maintain a minimum average data transfer rate to 
or from tape according to tape speed and density as follows: 

Table 1-42. DENSITY/SPEED AND DATA TRANSFER RATE 





DENSITY (CPI) 
SPEED 


800 
(NRZI) 


1600 
(PE) 


3200 
(DDPE) 


6250 
(GCR) 


DATA XFERRATE 
IBG TIME 


50 IPS 


40 KB/S 
12 MS 


80 KB/S 
12 MS 


160 KB/S 
12 MS 


312.5 KB/S 
6 MS 


DATA XFERRATE 
IBG TIME 


100 IPS 


40 KB/S 
6 MS 


160 KB/S 
6 MS 


320 KB/S 
6 MS 


625 KB/S 
3 MS 




DATA TRANSFER RATE 



1.15.2 COMMAND REIN STRUCT TIMING 

For the 9612 to Sustain streaming operation with GCR Density at 100 ips, the Host (INITIATOR) 
must meet the following Repeat Command Timing or Consecutive Command Timing constraints: 

1.15.2.1 REPEAT COMMAND ASSUMPTIONS 

The INITIATOR commands the Controller to issue a Mode Select Command that configures the 
Drive to operate at 100 ips in GCR Density. Consecutive buffered Write Commands may be 
Fixed or Variable. 

1.15.2.2 REPEAT COMMAND TIMING VARIABLES DEFINITIONS 
Variables of Time, T, are in seconds: 

a. TBF - Time interval from Bus Free condition to assertion of BSY. This defines the Bus 
Free interval between INITIATOR/TARGET exchanges. 

b. TSL - Time interval from BSY assertion to deassertion of SEL. This defines the 
Arbitration and Selection Phase timing overhead for the INITIATOR. 

c. TMT - Time interval from REQ assertion by TARGET to ACK assertion by INITIATOR. 
This defines the Message Out Phase timing overhead for the INITIATOR. 

d. TCT - Time interval from REQ assertion by TARGET to ACK assertion by INITIATOR 
for Command transfer. This defines the Command Out Phase timing overhead for the 
INITIATOR. 

e. TDT - Time interval from REQ assertion by TARGET to ACK assertion by INITIATOR 
for Status transfer. This defines the Status-In Phase timing overhead for the 
INITIATOR. 

f. N = Number of bytes in block(s) to be written. 

g. M = Number of blocks to be written. 

h. TTD = l/(selected density x tape speed) [1/(6250x100)] 
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i. TGAP = Time required for an Interblock Gap. 

j. It is assumed that: the INITIATOR/TARGET exchange is made up of two Message 
Phases, and the Command Descriptor Block (CBD) is made up of six bytes. 

1.15.2.3 REPEAT COMMAND TIMING EXPRESSION 

The following expression defines the maximum repeat command timing interval. 
Tbf = Tsl = 2*T MT = 6*Tct = TsT = M*N*T TD < .001 +M*N*T TD + (M-1)*T G AP 

The portion of the total time of all phases available to the initiator executing a repeated 
command, shall be less than one millisecond plus the number of blocks to be written, times the 
time required to transfer a block plus the number of blocks times the interblock gap time. 

This expression takes into account the fact that, while being filled, the buffer is also being 
emptied at a rate determined by the tape speed and recording density. This means the faster the 
host executes its portion of the SCSI protocol and transfers data into the buffer, the more time 
it will have to transfer the next block of data; i.e., a longer reinstruct window. 

For example, assume FIXED WRITE of two 2-kilobyte blocks are to be written at 6250 cpi and 
100 ips. The initiator would then need to, on receiving the previous Command Complete 
Message, leave the Bus Free Phase pass through the Execution phases up to and including the 
Command Complete Message, in less than 8.6 milliseconds in order to maintain streaming. In 
Variable Block mode the factor M is 1 and the reinstruct time would be 4.2 milliseconds using 2- 
kilobyte blocks. 
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SECTION n 
INSTALLATION/ADJUSTMENTS 



Installation 



2.0 GENERAL 



This section describes installation and adjustment of the Model 96X2 Series Tape Drives as it 
relates to the SCSI Interface. Because the 96X2 Series are basically Model 96X0 Series Tape 
Drives with embedded SCSI Interface Boards, all adjustments described in the 96X0 Series 
Operation and Maintenance Manuals are applicable to the 96X2 Series. The following orocedures 
pertain only to the SCSI PCBA. 



2.1 INSTALLATION 

Except for interface cabling and connectors appropriate for the SCSI Bus, and specified in 
Section I, installation is covered in the 96X0 Series Operation and Maintenance Manuals. 



2.2 ADJUSTMENTS, GENERAL 

Except for configuring the 9502 for differential or single-ended operation when a combination 
board is installed, there are no adjustments. 

2.2.1 SCSI CONTROLLER SWITCH SETTINGS 

Before operating the Tape Drive, the control parameters for the SCSI Controller, listed below, 
are set up by means of the front panel Host I/O Menu. 

The following describes the various options in the order found within the Host I/O Menu: 
2.2.1.1 PRE-FETCH QUALIFICATION 

The qualification criteria to invoke a read pre-fetch of tape data to cache can be selected from 
the front panel. Possible options are: 

a. Disable pre-fetching. 

b. Pre-fetch after receiving 1 Host read command. 

c. Pre-fetch after receiving 2 Host read commands. 

d. Pre-fetch after receiving 3 Host read commands. 

If either (b), (c) or (d) of the above is selected, then read pre-fetching will be invoked after 
receipt of the selected number of read commands. These read commands must be received 
sequentially. For instance, if qualification has been set for receipt of 3 read commands and the 
host sends 2 reads followed by a write, then the host will still be required to issue 3 sequential 
read commands before pre-fetching is initiated. 
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2.2.1.2 P RE-FETCH ACTION ON FILE MARK DETECTION 

The user is given the choice of stopping pre-fetching on detection of a single or double file 
mark, or to continue regardless. 

If pre-fetching is to stop on detection of a file mark (single or double), then pre-fetching won't 
start again until the host reinitiates read commands and the pre-fetch qualification has been 
met. 

The following options exist: 

Stop pre-fetching on detection of a single file mark. 
Stop pre-fetching on detection of a double file mark. 
Continue pre-fetching. 



2.2.1.3 WRITE BUFFER LIMITS 

The maximum number of blocks written to the buffer, when operating in Buffered Mode without 
initiating tape motion, can be specified from the front panel. 

The minimum will always be 1 block. That is, a host write will transfer a complete block to the 
cache before tape motion is initiated. 

Possible write buffer limits are: 

1 blk, 2 blks, 4 blks, 8 blks, 16 blks 

A timeout of 250 msec is generated to force write the buffer if, for instance, a limit of 4 blks 
was selected but only 2 blks were received. 

2.2.1.4 MODE 

Verification of written data is a user selectable option. 

If VERIFY is selected, then the reading (verifying) of previously written data is made by a read 
of the physical tape. 

If CACHE selected, then reading (verifying) of previously written data is automatically 
performed from the cache. 

EXAMPLE: 

If a User command sequence is Write 10 blocks, Read Reverse 10 blocks, Read Forward 10 
blocks, the Cache may operate in either of the following two methods, depending upon the menu 
selection. 

a. VERIFY - When the last block has been written, the Drive will read the tape in the 

reverse direction for 10 blocks. Ten blocks will then be read from the cache in the 
forward direction. 

b. CACHE - when the last block has been written, ten blocks of the original write data may 

still remain in the buffer. When the Read Reverse is issued, the data is read out of the 
buffer reverse instead of actually reading the tape reverse. When the Read Forward is 
issued, the data is read out of the buffer in the forward direction. No tape motion would 
occur. 
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2.2.1.5 MAXIMUM BLOCK LENGTH 

A front panel option is available to select the maximum permissible block size. The followine 
selections can be made: 

32 KByte blocks ( 32768d, 8000h) 

64 KByte Blocks ( 65536d, IOOOOh) 

128 KByte Blocks (131072 D , 20000h) 

258 KByte Blocks (261887d, 3FEFFh) 

MAXIMUM (Same as entire Cache size) 

Mote: For boards configured with 256K of memory, the maximum block size available 
would be: 

261887d, 3FEFFh 
Which is: 256K - 257 bytes 

For boards configured with larger memory 512K or 1Mb, then a full 256K block could be 
accepted. 

2.2.1.6 READ RETRIES 

A Read Retry shall consist of re-reading the block in the opposite direction followed by a read 
in the original direction; until either the read is successful or the retry count is exhausted. If 
the error occurred in the forward direction, and was successfully read in reverse, the data will 
be reversed in the Cache and passed to the Host as if it were read forward. 

The user is given the ability to set the number of retry sequences (retry count) by a front oanel 
switch option. 3 v 

Rd Retries = 8 or 16 sequences 

2.2.1.7 WRITE RETRIES 

A Write Retry sequence shall consist of a backspace followed by a fixed length erase, followed 
by another attempt to write the block. This sequence will continue until either the write is 
successful or the retry count is exhausted. 

The user is given the ability to set the number of retry sequences (retry count) by a front oanel 
switch option. J v 

Wr Retries = 8 or 16 sequences 



2-3 



Installation 



93-09612-003 



2.2.1.8 INTERFACE PARITY 

The checking of SCSI interface parity on the data lines can be enabled or disabled. The action to 
be taken if a parity error is detected may also be selected. 

The following options can be set from the front panel. 

RETRY - Causes parity checking plus Restore Pointer Message to be sent on error. 

If during a Data Out Phase or Command Phase a parity error is detected on the 
SCSI bus and RETRIES are enabled, the 9502 will send to the Initiator a Restore 
Pointer Message and re-enter the Data or Command Phase awaiting the re- 
transmission of the erroneous transfer. This sequence is repeated a maximum of 3 
times. If after the 3rd attempt a parity error is still detected, the unit will go to 
the Bus Free state. 

CHECK - Causes parity checking and status reporting of the error. 

If CHECK is enabled, then the 9502 will report status of sense key Bh with 47 00h 
set in the extended sense bytes. 

IGNORE - Parity errors are ignored. 

2.2.1.9 RECOVERED ERRORS 

Recoverable (corrected) errors may be reported to the host that cover a variety of different 
situations. The following Additional Sense Codes would be returned: 

Sense Key Oljj 

0D 01 Recovered Write Error with write retries. 

17 01 Recovered Read Error with read retries. 

0E 00 Recovered Interface Error (retries enabled see Section 2.2.1.8) 
The user has the option of reporting the above errors. 
REPORT or IGNORE 



2.2.1.10 EOT 

The user can select whether the tape drive will STOP or CONTINUE on detection of EOT for 
Writes or WFMK commands. The operation is functionally identical in both Fixed and Variable 
mode. See Section 1.13.6 for further details. 

2.2.1.11 INQUIRY QUALIFIER 

The user can select the device type qualifier which will be returned in Byte 1 of the Inquiry 
command (sec. 1.13.10) as data. The Device Qualifier Code is selectable from the front panel. 
The following values are available: 

00h 01h 02h 04h 08h 10h 20 H 40 H 
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2.2.1.12 SYNCHRONOUS REQUEST 

The user can select whether the tape drive is allowed to initiate Synchronous negotiation or not. 
ENABLE or DISABLED 
Note: The 9502 will always accept a Synchronous negotiation 



2.2.1.13 SCSILD. 

The SCSI address can be set via the front panel options menu. Every SCSI controller is assigned 
an individual SCSI address. Target addresses from to 7 can be selected. In addition the ID can 
be set equal to the UNIT Number. 

Note ; The Unit Number is selected via the Set-Up menu. 

2.2.1.14 SCSILUN (LOGICAL UNIT NUMBER) 

LUN 0: 

Commands issued to any LUN address other than zero (1-7), will be rejected. The unit 
number shown on the front panel (UNIT X) may be set to an arbitrary value. 

LUN=UNIT: 

The Logical Unit Number will be assigned as shown on the front panel (UNIT X). 
Note ; The unit number is selected via the SET-UP menu. 



2.3 SUMMARY OF OPTIONS 

^ he ncl h m ™ 2 ' S P° wered on witn tne 9502 boar <i installed, several of the options contained in 
tne bET UP menu wiU be set to default values, and will not be accessible to the USER The 
following lists those options in the SET-UP menu that are not available when the 9502 board is 
installed. 



OPTION IN 
SET-UP MENU 

TIMEOUT 
PARITY 
GCR CER 
RZI CCG 
CLR FBSY 
FEN 

DENS OUT 



DEFAULT VALUE 
WITH 9502 INSTALLED 

ENABLED 

CHECK 

ENABLED 

DISABLED 

POSTREPO 

NORMAL 

CODED 



OPTION AVAILABLE 
IN HOST I/O MENU 

NO 

YES 

YES 

NO 

NO 

NO 

NO 



nolvn f v^ e c" ipt i? n ° f the VariouS SET " UP menu °P tions ' refer to Kennedy publication 93- 
ust>AU-xxx Series Operation and Maintenance Manual. 
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The following Cache options can be set from the front panel via the "HOST I/O" Diagnostic 
menu. The menu item is listed with the available options shown below it. 

PREFETCH - Read Prefetch Qualifier 
DISABLED 

AFTER 1 read command 
AFTER 2 read commands 
AFTER 3 read commands 



STP FTCH - Stop Prefetching 
CONTINUE 

1 FMARK - stop prefetching after encountering 1 filemark 

2 FMARKS - stop prefetching after encountering 2 filemarks 



WRT BDFR - Blocks held in buffer before motion occurs 

1 BLOCK 

2 BLOCKS 
4 BLOCKS 
8 BLOCKS 
16 BLOCKS 

MODE 

VERIFY 
CACHE 



MAX SIZE - Maximum Block Length 

32 Kb 

64 Kb 
128 Kb 
256 Kb 
MAXIMUM 



RD RETRY - Read Retry Count 
8 TIMES 
16 TIMES 



WR RETRY - Write Retry Count 
8 TIMES 
16 TIMES 



PARITY - SCSI Interface Parity 

RETRY - Perform retry on parity error detection 
CHECK - Report parity error only 
IGNORE - Perform no parity checking 



RECOVERED 

REPORT - Report recovered errors (Sense Key 01h) 
IGNORE - Do not report recovered errors 
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EOT 

STOP - Stop flushing data to tape at EOT 
CONTINUE - Continue flushing data to tape past EOT 



INQ QUAL - Inquiry Qualifier Data 
00 
01 
02 
04 
08 
10 
20 
40 



SYNC REQ - Target initiation of Synchronous Request 
ENABLE 
DISABLE 



SCSI LD - SCSI Bus Address 
TARGET 
TARGET 1 
TARGET 2 
TARGET 3 
TARGET 4 
TARGET 5 
TARGET 6 
TARGET 7 
ID=UNIT 

SCSI LUN 

LUN 
LUN=UNIT 



2.4 PHYSICAL DESCRIPTION 
2.4.1 SCSI BUS TERMINATION 

SCSI bus terminators are fitted in sockets to allow their removal on daisy chained systems. If 
the user wishes to daisy-chain to other SCSI devices, the terminators must be removed (unless 
the 9502 is physically the last SCSI controller on the daisy-chain). Terminators are installed in 
the following positions (Figure 2-1). 

Single-Ended - U8, U9, U10 

Differential - U4, U5, Ull, U12 
U13, U16, U17 
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Installation 



93-09612-003 




Figure 2-1. 9502 SYNCHRONOUS SCSI CONTROLLER (comp. side) 



90-09502-5XX 
FOR DIFFERENTIAL INTERFACE 



90- 09502-1 XX 
FOR SE INTERFACE 



For Differential 



U5 



M U11 || U12 | U13 | 



U16 



U17 



1 K sip Inserted 
in U2S pins 1-10 

1 K sip inserted 
in US2 pins 11-20 



J3 



ua 



U9 



1)10 



U25 



U36 



IMS 



U52 



S.E 
Di«. 
Diff. 
S.E. 



Single Ended. 
Jumpers in 
locations 
U25 and U52 

U36 and U48 
are empty 



Jumpers In locations 
U 36 and U48 



_P2_ 



Note ; ST2 may be removed by those users who don't wish the 9502 to supply terminator 
power to the SCSI bus.- 
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2.4.2 COMBINATION BOARD CONFIGURATION 

The combination board has DIP packaged jumpers provided for easy conversion to/from Single 
Ended or Differential. 

To configure the board for Differential, insert jumpers in positions U36 and U48 with IK 
resistor sip's in U25 and U52 as indicated on the printed circuit board. Remove the Single-Ended 
terminators U8, U9 and U10. 

To configure the board for Single Ended, remove the IK resistor sip's from U25 and U52 and 
insert the jumpers from U36 and U48 in their place. I.E. jumpers now occupy locations U25 and 
U52. Remove the Differential terminators U4, U5, Ull, U13, U16 and U17. 

Note s The IK resistor sip's are only used for a Differential configuration. 
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SECTION in 
DIAGNOSTICS 

3.0 GENERAL 

Diagnostics for the 96X2 Series Tape Drives operate as described in the Model 96X0 Series 
Operation and Maintenance Manuals. 

SECTION IV 
MAINTENANCE 

4.0 GENERAL 

Except for the replacement procedure for the SCSI Controller PCBA, maintenance for the 96X2 
Series Tape Drives are as described in the Model 96X0 Series Operation and Maintenance 
Manuals. 

4.1 SCSI PCBA REPLACEMENT 
Referring to Section II, Figure 2-1: 

A. Turn power off. 

B. Loosen the two Cover Screws near ends of the Card Cage, and remove Cover. 

C. Unplug two SCSI to Formatter Cables from the Formatter Board. Unplug SCSI Bus Cable 
from SCSI PCBA. 

D. Grasp PCB Ejectors firmly, and pull Ejectors toward the sides of the Drive. The PCB should 
pop partly out of the slot. 

E. Remove the SCSI Board. 

To replace - With power off: 

a. Insert SCSI PCBA into slot. Press and seat SCSI PCBA all the way into slot. 

b. Plug Formatter Connectors into Formatter Board. 

c. Plug SCSI Bus Cable into SCSI PCBA. 

d. Replace Card Cage Cover. 

SECTION V 
PARTS IDENTIFICATION 

5.0 GENERAL 

Except for two versions of the Synchronous SCSI Controller PCBA P/N 90-09502-lxx (Single- 
Ended Interface) and P/N 09502-6xx (Combination Interface) (Section II, Figure 2-1), all 
components of the 96X2 Series Tape Drives are identical to those listed in the Model 96X0 
Series Operation and Maintenance Manuals. 

SECTION VI 
WIRING AND SCHEMATIC DIAGRAMS 

6.0 GENERAL 

Wiring and Schematic Diagrams for the 96X2 Synchronous Series Tape Drives are identical to 
those listed in Model 96X0 Series Operation and Maintenance Manuals. Synchronous SCSI PCBA 
Schematic Drawing 01-09502-000 is contained herein. 
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FIEF DES 



U63, 76. 77. 



U71. 74. 78 
U3. B. 7 



U»9 



uia 

US7 



U37. ae. sa 



U14. 27 



U38, 86 
UB1, 
U69 



B3, B7 



U28. 29 
U39, 40 



U30. 31 



U81 
U54 

UB7 



U4g 
U68 



U68 



Yl 

_I2_ 



UgS. 3B. 48. 32 



U2S. 32 

U4. 3. IB. 17 
Ul 1. 



12. 13 
U19 - 24 
U30 - 39 
U42 - 47 
U33 



TYPE 

BUFFER MGH 
VLSI CHIP 



BES 33 SIP 



RES 100 3IP 



HES IK SIP 



93C90A 



79186 



aociea-iannz 



8CN8661B 
278 18 



87C1001 
32K X 



74LS243 



74ALSZ9Ba4 



GND 



83 73 97 
109 108 113 
123 124 



16 21 27 
38 38 84 



18 



74ALS04 



74*15843 

7*ALS39 



74AS244 



7«LS88^ 
74F2B0B 



74AS846 



74LS37 4 



74AS138 



238K X 1 BAM 



2S8K X 4 HAM 



296K X 4 BAH 



236K X 4 RAM 



236K X 
1M X 1 



PAL18L8B 
PAL16L8B 



PAL16B4-1Q 



PAL20LB8 



BALI 6V8 
8AL80V8 



30 MHZ OSCILLAT0H 



84 MM2 OSCILLATOR 



BES 280/330 



DIP LINKS 



BES IK SIP 



RE3 330 SIP 



PES 190 DIP 



73176 



SPARE 20 PIN 



SPARE 24 PIN 



4§- 



+5V 
ei as 

114 132 



NOTE (3) 



38 31 30 1 



14 
24 



1< 



80 
20 



SFWR 



1 «6-00237-002A 



-00864-001 



148-00869-002 



148-00868-001 



146-00867-001 



148-00288-001 



-00868-001 



146-00870-001 



REF DES 


LAST USED 


NOT USED 


CBO 




J3 




RB 




UBS 




Y8 




P3 





NOTES: UNLESS OTHERWISE SPECIFIED. 

1. CAPACITORS ARE IN MICROFARADS. 
8. RESISTORS ARE IN OHMS +/- SX. 
(D +18V - 14. -18V - 1. 



1/4 W. 



BEV STATUS 
OF SHEETS 


BEV 


J 


P 


a 


C 


6 


a 


a 


a 





B 


B 


a 


a 


a 


a 


SHEET 


1 


8 


3 


4 


9 


6 


7 


B 


a 


to 


11 


18 


13 


14 


13 



SOFTWARE 


237-OOjA 


- ARCHIVE 


# 


400 


SCHEMATICS (SCHEMA) 


- ARCHIVE 




388 


PAL CODE 


284-XXX TO 870-XXX 


- ARCHIVE 


* 


378 



-INCLUDED ON 190-09302- 10B -COB 

■INCLUDED ON 190-09908- 10*. - 136. - ICE - 606 

-INCLUDED ON 190-09808- 136. -166. -«»' -Bee' 

•INCLUDED ON 190-OBS08-18S. -66B 

-INCLUDED ON 190-09802-186. -EES 

-INCLUDED ON 190-09908-136. -IBB. -636. -666 





REVISIONS 


REV 


DESCRIPTIONS 


OATE 6 APPROVAL 


A 


ECO * 21689 


3-06-90 PHIL BRYAN 


B 


ECO * 81676 


3-13-90 PHIL BRYAN 


C 


ECO # 21908 


9-17-90 PHIL BRYAN 





ECO * 81810 


9-1B-90 PHIL BRYAN 


E 


ECO * 21092 


10-01-90 PHIL 8RYAN 


F 


ECO * 81928 


10-01-90 PHIL BRYAN 





ECO * 81819-1 


10-04-90 PHIL BRYAN 


H 


ECO * 88019 


08-1 1-Bl PHIL BRYAN 


J 


ECO * 88030 


08-11-81 PHiL BRYAN 
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1204) AD0R14- 

(204) A0OR13- 

(2C4) A DOB 12— 

I2C4) ADORli- 

(2C4) AOOR10- 

I2C4) AODR09- 

I2C4) AD0R06- 

(2C1) ADOR07- 

I2C1) ADOR06- 

(2C1) AOOR09- 

(2C1) AODB04- 

(2C1) AOOB03- 

(2C1) A00B02- 

(2C1) AOOR01- 

(2C1) AODBOO- 

(2A4) CBO»- 
(2BS) SRAMSEL»- 
(2A4) CWH»- 



(204) ADOfilS- 



EPBOMSEL»- 
1285) 



LAD0H16- 

12CI) 



UBO 

74ALS04 



SEE 
NOTE 



>DN 



US7 

B42S6 100 NS 



_3i 



_2i 



_2± 



_LSL 



A14 

A13 

A12 

All 

A10 

A9 

AB 

A7 

A6 

AS 

A4 

A3 

A2 

At 

AO 



07 
OS 
OS 
04 
03 
02 
Ot 
00 



U41 EPBOM 
27512 ISO NS 



_32_ 



_£6 



_2a 



_2i 



-2A 



-3» 



-13. 



-23, 



-22, 



VPP 

A14 

A13 

A12 

All 

A10 

A9 

AS 

A7 

A6 

A3 

A4 

A3 

A2 

At 

AO 



07 
06 
OS 
04 
03 
02 
01 
00 



U1B EPBOM 
27C1001 190 NS 



_2ft 



-34 



_3i 



_32 



-36. 



_21 



-11 



_13. 



A16 
A19 
A14 
A13 
AI2 
All 
A10 
AS 
AS 
A7 
AS 
AS 
A4 
A3 
A2 
Al 
AO 



07 
06 
OS 
04 

03 
02 
01 
00 



life 



3i_ 



12- 



13_ 



13_ 



-DB7 (2B2) 

— DBS (262) 

— DBS (2B2) 
-0B4 (2B2) 
-083 (2B2) 
-DBS (282) 
-08 1 (282) 
-080 (2B2) 



(2A2) OT/R»- 
(2A4) RST- 
1406) CLK232- 
(381) CS232K- 



(2C1) AOOROO- 
(2C1I A0DB01- 



(1482) RXO» li |fc > - 



us r 

7S1B9 



U2 

7S1B9 



(1482) CTS- 



114B2) DSfl- 



(14A2) OCD- 



U3 

7S1S9 
U2 

731B9 



NOTE: 



Ul PIN 14 - *12V 
Ul PIN 1 - -12V 



Ul 
. 73188 



U1S 

SCN2661B 



_1A 



_21 



-3a 



R/W 
RST 



_li 



BACLK 



-33 



-IS 



AO 
Al 

00 
Dl 
D2 
03 
04 
OS 
06 
07 



TXO 



DTB IB 

TXO7* 
RXRDY : 
TXROY 

BXC: 



RXD 

|eCTS 



WOSR 
>0 0C0 



Ul 
, 7S1B8 



JO 



-TXD» 
II4B3) 



— BTS 
(1483) 



Ul 



OTB 
483) 



1*_ 



UBO 

74ALS04 



JB1 
4.7K 
._ 



-^-T^o 6 - RS232II 

^ (287) 



U49 CLK-GEN 
PAL16R4 



I7C4) GASEL-|-I 
1284) RS232S£L»-f- 1 
1284) CRO»-£-. 
(2B4) CWR»-S- i 



I2B6) OSC30 




CLK9600BUS (4C6. 4AB) 
CLKARRAY (7C7. 9A7) 
OBUSEN» (2A3I 
CS232» 1303) 



NOTE 

JUMPER ST1. 
IF TWO (2) 



MICROPROCESSOR SRAM S EPBOM » BS.232 CONTROL 



LINKS PINS 1 - 2 
37312 EPROMS ARE FITTED 

JUMPER ST1. LINKS PINS 2-3 

IF A SINGLE 27C1001 EPROM IS FITTED 



A , 3 ™ 



1 
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LO 



(14C71 obvack» 



(14C7) 0P.VSEL1* 
(14C7) DRVSTRB» 



(14C7) FBGHNT» 



(381) CLK9600BUS 



(4B1) DOBHOl* 
(282) DB7 
(2821 OSS 
(282) 085 
I2B2I 084 
(2821 083 
I2B2) 0B2 
(2B2I 081 
(282) 080 



(2441 RST 
(4C4) FSTR8H 
(402) EQUAL 
(481) HDSBSP2K 



(4BI) WRTFREQH 
(481) norOBO* 








IBS ; 




•IK 


► ik ; 




PUA 


— PUB 



EQUAL (4AB) 



(381) CLK9600BUS 



FSEL6 (14C3) 
FSELS (1403) 
FSEL4 (1403) 
FSEL3 (1403) 
FSEL2 (1403) 
FSEL1 (1403) 
FSELO (1403) 



(284) 9600BUSA00»-1£- 
(2A4| CRO»-f- 
(2A4) CWR» 
(2C1) ADOROO--- 
(2C1) A0OR01-2- 
(7821 HERR» 
(9A3) SCSIINT* 



FDB7 (14831 
FDB6 (14B3) 
FOBS (14C3I 
FDB4 (14C3) 
FDB3 (14C3) 
F0B2 (14C3) 
F0B1 (14C3I 
FOBO (14C3) 



PAL16LB 



110 


08 


19 


107 


IB 


106 


17 




16 


IOS 


15 


104 


14 


103 


13 


102 


12 




11 


□ 1 



IS- 



13- 



-flSTRGl» (405) 
-O0BR01» (488. 4CS) 
-R0SRSP2» (4CS. 4A8) 

-ROFOBOlt (4AB) 
-HOSTINT (2B7) 
-WRTFREO.K (4AB) 
-HRTFSELH (485) 

-MRTFOB* (484) 



INTERNAL 9600 BUS 



9600INT (287) 
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U84 

7 4AS244 



(784) BADOB — 
(7C4) RASH — 
(7C2) RAMCaSo 



2A4 2Y4 
2A3 2V3 
2A2 2V2 

J 4 J 2» v a»i ... 

1A4 IY4-** 

-li 
1 



17C2) SELENn- 
(7C4I BPABE1- 
I7C4) BPASEO- 



» BA0D00-BADD04 
I5B2. 606. 603. 6C6. 6C3. 6B6. 683) 



BAOOOO 



BADD02 



BADO03 



BA0004 



• BAOOOS-BAOOOB 
(582. 606. 603. 6C6. 6C3. 6B6. 683) 



BA0006 



B*p007 



BUFflAS* 15A3 - 6C6 - 6C3 ' 6BS - 68 3. 6A6. 6»3) 




U76 33 0H» 
-Wn — 



8UFCAS» 



BUFMEMINn (5A3) 
0E1MB» (6*6. 6A3) 
0E1MAH (6S6. 6B3I 
0E5l2» (6C6. 6C3) 




0E256* 



-NE1M80 (6A6. 6A3) 

— WE IMA » (686. 683) 

-WE512H (6C6. 6C3) 
HS3S6* 



1 



1 



U2B 
256KX 



AB 
A7 
a6 
AS 
A4 
A3 
A2 

Al 
AO 

<cjRAS 



101 
102 
103 
104 



;OWE 
OE 



U29 
256KX4 



_13_ 
-1± 

_u 
ii 

9 

a 

7 

6. 

— 1 



AB 
A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 
^(BAS 
OCAS 
«WE 



101 
103 
103 
104 



U62 
256KX1 



AS 

A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 
•OBAS 

M C * S 
WE 



— BAMOATAO (60S. 6C5. 683. BC3. 9ASJ 
— BAHOATA 1 (60S. 6CS. 68S. BC3. BAS) 
— BAMOATA2 (60S. 6CS. SBS. BC3. 9A51 
— BAM0ATA3 (60S. 6CS. 6BS. BC3. 9A9) 
— BAM0ATA4 (602. 6C2. 6B2. 8C3. 9AS) 
— BAMOATAS (602. 60S. 682. SC3. BAS) 
— BAM0ATA6 (602. 6C2. 682. BC3. BAS) 
— BAM0ATA7 1602. SC2. 682. BC3. 9A9) 



U61 
1HX1 



(7D4) PAGESEL— ■ 
(SC6) BAOOOB-pj- 
ISC6I BA0007-4i- 
(9C6) BAD006ff- 
(SC6) BAOOOSfi- 
(306) 84000 4-1°- 
(906) 8A0003-=- 
(906) BA0002-J- 
(906) BAOOOl-J- 



A9 




AB 


OIN 


A7 




AB 


OOUT 


AS 




A4 




A3 




A2 




Al 




AO 




BAS 




CAS 




WE 





+— DPTY IBQ3) 



(788 7B3. BB4) 



BUFCAS* I5A3. 6C6. 6C3. 6B6, 683. 6A6. 6A3) 



□BAH MEMORY 
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RAM CONFIGURATION 



U39 AND U40 INCLUDED FOB S12K 
MEMORY PLUS U61 ON SHEET S 



(SC6) BAOOOB 

(SCSI BAOD07 

(SCSI BAOOOB , 

ISC6) BA0005-"-l. 

(SOB) BAD00 4 

(306) BA0D03 

(906) BA0002 

(306) 8A0001 

(906) BAOOOO 
I9B6) BUFRASK-^ojRAS 
(3A3I aUFCAS»-*^ojcAS 

(SASI WE9l2»-^ 

(SA9) OESjan-^OE 




. . -RAMOATAO 1902. 6CS. 6BS. BC3. 9AS) 
102 «— -RAM0ATA1 (902. 6C9. 689. BC3. 0A9) 
203 ■ i f-RAMDATA2 (902. BCS. 689. 8C3. SA3) 
104 i*-RAH0ATA3 (302. 6C9. 683. BCS. 9A3) 



U39. U40. USD. USt. U99. 
INCLUOEO FOB 1MB MEMORY 
PLUS U61 ON SHEET .3 



(9C6) BAOOOB 
(9C6) BA0007 
(9C6) BA0006 
(9C6) BAOOOB 
(906) BA0D0 4 
(906) BAD003 
(906) BA0002 
(906) BA0001 
(9D6) BAOOOO 



■IS., 

A3. 
11 
11 
_a 

_B 

7 
6 



U50 

256KX4 


AS 


101 


A7 


102 


AS 


103 


AS 


104 


A4 




A3 




A2 




Al 




AO 





(386) aUFRAS»-=0RAS 
(9A3) BUFCASn-AjOCAS 
19A5) MEIMAlt-ioWE 

(965) oeiMAniSooe 



-RAMOATAO (902. 683. S09. BCS. 9A3) 
-RAM0ATA1 (302. BBS, 60S. BCS. 9A3I 
-1£-RAH0ATA2 (302. 689. 609. BCS. SAS) 
A2-RAM0ATA3 (302. 683. 60S. BCS. 9AS) 



(9C6) B»0D0B-J S -A8 
15C6) BA0007-»^-A7 
(BCS) BA0006-ff-AS 
1BC6) BAOOOS-fflAS 
(306) BA0004-±j 
(306) BA0003-J- 
(306) BAQ002-| 
(306) BADOOl-^ 
(306) BAOOOO-f- 

ISA3) BUFCASH-^OCAS 
(SAS) MElMBK-^cwE 
(989) OElMBK-iSooE 




101 i— RAMOATAO (902. 6C9. 609. BCS. 9A9) 

102 2—RAM0ATA1 (902. BCS. 608. BCS. BA9) 

103 f£-RAH0ATA2 (902. 6CB, 609. BC3. 9A5) 

104 AS-RAMDATAS (302. BCS. 60S. BCS. SAS) 



NOTE 

EITHER UB1 OR U62 IS INSERTED DEPENDANT UPON 
THE SIZE OF THE MEMORY COWFISURAT ION 



3 



2 



1 



U40 

2S6KX4 



ISCS) BAOOOB 
(SC6) BAD007 



15. 
.1*. 

(SCSI BADOOe-Jf- 
ISC6) BA0005-** 
(3061 BA0004-ii 
(906) 8AOD03-g 
(506) BA0002— 
(906) BA0001 
(906) BAOOOO 
(986) BUFRAS*-*-,, 
I3A3) 8UFCAS»-*j4 
I3A5) KE912»t|<J|! 
I9A9) 0E912» i Soli 



(9C6) BAOOOe^f-AB 
(9C6) BAOO07-^-A7 
(9C6) 8A0006-**-A6 
(3C6) BAOOOB-WaS 
(306) BAOOOA-ii 
(306) 8AD003 
(S06) 8a0O02-~|a2 
(306) BAODOl-Hj-Al 
(506) BAOOOO-f-AO 
1986) BUFRASh-AjRAS 
(3 A 3) BUFCASkA^CAS 
(SAS) MElMA»-=-CWE 
(385) OElMA»iSoOE 




- — -RAMOATA 4 (502. 6C2. 682. SC3. 9A5I 
■RAMOATAS (902. 6C2. 6B2. BCS. 9AS) 
-Af-RAMOATAB (S02. 6C2. 682. BCS, 9AS) 
<1&-RAM0ATA7 (S02. 6C3. 682. BCS. 9AS) 



RAM0ATA4 (902. SB2. 602. BCS. 9AS) 
RAMOATAS 1502. 682. 602. BCS. 9A9) 
, RAMOATAS (S02. 682. 602. BCS. 9 A 5) 

104 A8-RAMOATA7 (302. 682. 602. BCS. 9AS) 



(3C6) BAOOOB-ff- 
ISC6) BA0007-L|- 
ISCB) BA0006-ff 
ISC6) SA0D0S44- 
(506) BA000 4- 
(906) BA0003- 
1306) BA0002- 
(306) BA0001- 
(306) BAOOOO-f- 
(SB6) BUFRAS»- ,-, 
(SAS) BUFCAS»-«jC 
(SA9) HeiMB»T^-. — 
(583) OElMB» iS oOE 




-RAMDATA4 1302. 6C2. 602. BC3. 9A3) 
-RAMOATAS (502. 6C2. 602. BC3. 9AS) 
-*^-RAM0ATA6 [302. 6C2. 602. BCS. 9AS) 
A2-RAM0ATA7 IS02. 6C2. 602. BCS. 9AS) 



ORAM EXPANDED MEMORY 
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(2A4) RST- 
1284) MlO»- 
(1384) TDENO»- 
(13*61 TDENln- 
(1386) TFMK»- 
(13B4) TSPD»- 
(1384) TWSTB*- 
(886) TPTY- 
(13C4) TRWD4- 
(13861 TLDP»- 
(13*4) TEEOT*- 
(TRI-EN) PUB- 



(2C4) 
(204) 
(203) 
(202) 



(381) CLKARRAY- 
1986) SCSIRE0»- 
(2C4) AO0R0B — 
AOORl I — 
AOORl 3— 
A00R16 — 
AO0R18— 
(2a 4) CWR» — 
(2821 ALE — 
(13A6) TE0T» — 
11384) T0NL4 — 
(1384) TDBYn— 
11384) TRST84 — 
(13C4) TFPTu— 
(13B6) THERM — 
11384) TFBY4 — 
(381) RAMP TV — 
(2A4) CR0» — 
(2C4) AOOR12 — 
(202) AOORl? — 
(202) A00R19— 
(13A6) TROY*— 
(1386) TIOENTH — 
11384) TCER« — 
(803) DPTY— 
(2C4) AD0R09 — 
(2C4) AOOR10 — 
(204) AOORl 4 — 
(204) AD0R1S— 



(283) AOO- 

1283) AD1- 

(283) AD2- 

1283) A03- 

1283) A04- 

I2B3) AD9- 

1283) A06- 

1283) A07- 



64 , 

_fl6 

.., »« 
_11S 
1 

3 

4 

7 

a 

a 

_12 
-IX 

—13 
_15 

28 
_26 
40 

41 

49 

47 

48 

50 

91 
_92 

54 

SB 
99 

60 

— ^ 
62 

63 

66, 

69 



92 
99 

_2§ 
_100 

-J21 
_102l 
109 
_122 
_12S 
130 
131 



89 
126 
90 
91 
129 
93 
49 
94 



VCC 

vcc 
vcc 
vcc 

01 
03 
04 
07 
OB 
09 
10 
11 
12 
13 
IS 
25 
26 
40 
41 
45 
47 
4B 
SO 
St 
32 
54 
58 
99 
60 
6 1 
62 
6 3 
68 
69 
88 

9a 

95 

96 

1 00 

1 1 

102 

109 

127 

128 

1 30 

131 

00 
1 
□ 2 
03 
4 
05 
06 
07 



U73 
BM6R 



BUFFER MANAGER 
132-PIN VLSI PPSA 



U73 
BMSR 



U73 
SMGR 



T05 
T06 
T14 

Tie 

T17 
T18 
T19 
T20 
T21 
T22 
T24 
T23 
T35 
T36 
T43 
T55 
T96 
T97 
T65 
T66 
T67 
T70 
T71 
T72 
T73 
T80 
T99 
H03 
H04 
H07 
HOB 
H10 
Hit 
H12 
H13 
H19 
H21 
H22 
H29 



SNO 
SND 
GND 
GND 
SNO 
GND 
SNO 
GNO 



U80 

74ALS04 



flfi- 

X4_ 
1S- 

-U_ 

18 

iS_ 
2S_ 
21.. 
22- 
2A- 
2JL 

as_ 

36_ 

as_ 

12- 

as_ 
as_ 

fiZ- 
2S_ 
71 

12_ 

za_ 

80 



1S1- 

1SZ. 

lfift- 

lii- 

U3 

U3_ 

iia_ 

121- 
133- 
133- 



53_ 
25- 



SZ- 
1SS_ 
106_ 
LIS- 

183 
£24_ 



-TFAO» (1302) 
-TTADO* (13A2) 
-TWFM« (13B2) 
-TEOIT» (1382) 
-TR6V» (13C2) 



TLWD* 



-PAGESEL (682) 
-RA3» (9881 
-BAOOS (5CBI 
-BA007 (5C8) 
-BA0D1 (90S) 
-HOSTACT (9C8) 
-HOSTOIR (SAB) 
-HOST ACK * I9C8) 
-8PAGE1 I9A8I 
-BPAGEO (9aB) 
~TTa01» (1302) 
-TERASE» (13B2) 
-TWRT* (1382) 
-TLOL» I13C2) Cham 



-BA0D6 (9C8) 
-BADD3 (508) 
-8A000 1908) 
-BASEL (382) 
-THSPO (1302) 
-TOFL* (1302) 
-TFEN» (1302) 
-TREW» (13C2) 
-TGO» (13C2) 
-SAOOB 1588) 



(BA 4) 

(2CS) PCS4» 
(2A4) OEM* 
(282) ALE 
(2A4) CHRM 
(2A4) CROK 
(285) MCS3M 
(2B9) MCS2» 
(289) MCSln 
(2B9) MCSO» 



U6S HOLD 
PAL20L8 



H£MIN» 



-BA004 (508) 
-BA002 (508) 



HOSTENn (9C8) 



TAPEEN* 




NCRCSO (BB6) 
NCR0EN4 OAS) 
I-* 0, — RAMCASM (988) 
TWREN» (BAB) 

I03 rr5 — cpubusenk (bbs) 

AROY (2A7) 
SELEN* (SA8) 



U66 PTY— ERR 
SAL20V8 



I2B2) 083-LL- 



I2C9) PCS3K 
(2A4) CRO«Aa- 
I2A4) CWR»Si-l 



(981) RAMPTY- 
(803) OPTY- 



(285) CLK19MHZ 



112 
111 
110 
19 
18 
17 
16 
19 
14 
13 
12 
II 



101 
102 
103 
104 
I 

106 
I 
I 



— DBS (2821 
-ffoai (2821 
-£§080 (282) 
HERR» (4B2) 



09 41 



ob if 



TILWOO (13C2) 



-BMGRINT (2B7) 




r 



~1 
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J 2 I 6 I 5 | 4 I 3 1.2 



(282) DB7- 
(2821 DB6- 
(282) 085- 
(282) 084- 
1282) 083- 
(2821 082- 
(282) 081- 
(2B2) 080- 



(244) CWP.4- 
17C2) CPUBUSEN»- 



(13CS) Tflpit- 
(13C6) TBO»- 
113881 TBK- 
(13*4) TB3»- 
(13*4) TB3»- 
I13B8) TH4»- 
(1388) TB3»- 
(1388) TBB»- 
(13B6) TB7»- 



(1384) TB3TB4- 



(7C2) TWR£N»- 



U60 

74F280 



U39 

74LS24B 



BB 
B7 



-1* 



-13. 



-14 



_ia 



48 

47 
*E 
49 
44 
43 
42 
41 



U14 
2SB24 



-10 



90 
80 

70 

90 
40 
30 
20 
10 
CUB 

CLK_EN 
Z* OE 



70 oi- 



80 4f- 



98 4?~ 



30 9! 
20 
10 



-TPTY (7C8) 



•23- 



-11 



CO 
EE 



(SB1) BAMPTY 



(703) TLATCHu 



-OPTY (881. 7B3) 



-RAM0ATA7 
-BAH0ATA8 
-BAHOATAS 
-BAHOATAA 
-BAH0ATA3 
-BAH0ATA2 
-BAHDATA 1 
-BAMOATAO 



(502. 602. 
(802. 603. 
(502. 602. 
(503. 603. 
(503. 605. 
1503. 605. 
(503. 605. 
(S02. 609. 



6C2. 
6C2. 
8C2. 
6C3. 
6CS. 
6C5. 
6C5. 
6C9. 



8S2. 9*91 

682. 9A5) 

683. SAS) 
683. 9*5) 
885. 9*5) 
885. 9*5) 
685. 9*5) 
685. 9*5) 




tape oat* im 



out 
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NOTE 

U25 AND U32 ABE POPULATED WITH PULLUP RESISTORS 
FOR A DIFFERENTIAL CONFIGURED BOARD. 



THE SHORTING LINKS U25 £ U52 ARE INSERTED 

TO CONFIGURE THE BOARD FOR SINGLE ENDED . 

THE SHORTING LINKS U36 £ U4B ARE INSERTED 

TO CONFIGURE THE BOARD FOR DIFFERENTIAL. 



Y2 
24MHZ 



U26 
S3C90A 



NC 


♦ SV 


GND 


OUT 





r 



.31 



(2C1) A0ORO3 
(2C1I ADOR02-ff- 
(2C1) AOOflOl-f 9 - 
I2C1) ADDROO — *1 



SCSI_REO UG7 

PAL16LB 



(2A4) RST- 
I2CSI PCS44- 
(7B4) HOSTENw- 
I7C4) HOSTACT- 
17C4) HOSTACK4- 
(7C4) HOSTOIR- 
(3CS) PCS3«- 
12A4) CWRH- 
(2A4) CROK- 
(9B4) DREQ- 



110 

19 

18 

17 

16 

IS 

14 

13 

12 

II 



OB 

107 
106 

I0S 
104 
103 
102 



01 



(9C1) OIFF- 
-EN646" I9A7) r: 



-5S 



(2A4) RST- 
-SCSIREO» (7CB) 



1£_ 



-3, 



-54 



[IDS) NCRCSH- 



I2B2) 087- 
(282) 0B6- 
(2B2) 0B5- 
(2B2I 0B4- 
(2B2) 0B3- 
(2B2) 0B2- 
I2B2I 0B1- 
(2821 DBO- 



A8 
A7 
A6 
AS 
A4 
A3 
A2 



B8 
B7 
B6 
BS 
84 
S3 
S2 
81 



(2A2) OT/R»- 
17C2) NCRDEN»- 



-fifi. 



U3B 

74AS646 



(7C4) HOSTO I R- 



(381) CLKARRAY- 



r 



I9C7I EN646»- 



A B 

A7 

A6 

AS 

A 4 

A3 

A2 

A I 

OIR 

C 8 A 

S8 A 

CAB 

SAB 

6" 





SDOP 


. VCC 


SD07 




S006 




SD05 




SD04 




S003 




S002 




SD01 


GND 


SO 00 


GND 




GND 


SDIP 


GND 


S0I7 


GND 


SDI6 


GND 


SDIS 




SOI 4 


A3 


SDI3 


A2 


SOI 2 


Al 


SOU 


AO 


SOIO 


CLK 




OIFFM 






SELO 




BSYO 


OACK 


REOO 


RESET 


ACKO 




MSGO 




CDD 


RD 


100 


WR 


ATNO 




RSTO 


CS 






SELI 




BSYI 


067 


REQI 


DB6 


ACKI 


DBS 


HSGI 


OB 4 


CO I 


DBS 


101 


082 


ATNI 


081 


RSTI : 


oao 






OREO 




RESETO . 




INT - 


U26 


IGS 


53C90A 


TGS 




7 



I 6 I 5 



1 



-9 N * »- 

STB 

IN4002 



ua 

320/330 OHMS 



!... a... 3... S...R....J !... 8... a... ».... 5.... S... 7. ; 



(904) 
1904) 
(9D4) 
(904) 
(904) 
(904) 
(904) 
(904) 
(903) 



SDOP»- 
S007»- 
S006»- 
S00S»- 
S004»- 
S003»- 
S002»- 
S001»- 
S000»- 



us 

220/330 OHMS 



J3/18 (9B4) ATNO»- 

J3/1S (9C4) BSYO» 

J3/14 1984) ACKOO 

J3 /12 (985) RSTOlt 

J3 / 10 (984) MSSO» 

J3 /a (9C4) seuo» 

J3/B (984) COOil 

J3 /4 (9C4) P.EOOH 

J3/2 (984) I00» 



1 



1 



U10 

220/330 OHMS 



. . C44 

^ . IUF 



mmm + 



«.. 5... 6... 7. 




* TEBMPWB (1108. 1208) 
• J3 /26 



-^S»-J3/l 



-^■J3/3 



J3 /5 



-^*-J3/7 



-S»-J3/9 



-^-J3 /»1 



-5»-J3 /13 



-^•JS/15 



J3 /17 



J3 /IB 



-=»- J3 /20 



J3 /21 



J3 /22 



-5>- J3 /23 



-=»-J3 /24 
J3 /2S 



-^•J3 /27 



->-J3 /28 
->-J3/29 



->-J3 /30 
->-J3 /31 



- J3 /33 

- J3 /34 
-J3 /3S 

- J3 /37 

- J3 /39 

- J3 /4t 

- J3 /43 

- J3 /45 

- J3 /47 
-J3 /49 



SCSI SINGLE ENDED I/O 
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KENNEDY COMPANY 




SSOl AVAL* AVE 




IRWINOALE. CA.. 9J706 


~l 5 ' 


9502 SCSI CACHE 
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B 

(»002> TERmPWR 



(1102) 5SM0 
(9Bt) »TNI» 
(9*4) 165 




(9B» RSTI* 
ISBSI RST0» 



<hiee>- J4 /«a 



<mEE> J4/44 




(1103) 6RN0 



TERMPWR 
(1002) 



(1103) SRNO 



<JU££> J4 /46 



<hee> J4 /45 



<HIEE> J4/4B 



<UIEE> J4 /47 



(1103) SBMQ 
tSBl) MSG I • 
(94 4) TSS 



DIFFERENTIAL DRIVERS (CONTROL) 



lit 03) P"R 
It 103) ORNO 
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5801 AVAL* AVE 
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9502 SCSI CACHE 



401-09903-000 
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ja /28 



TBHO» (7C8I 
TFPTit 17BB) 
TRSTBH 17BB. BAB) 
THSTB» (7CB) 
TOBY* (7BB) 
TSPO» (7CB) 
TC6B» (7BB) 
TONLn (788) 

TFBY* (7BB) 
TOENOK (708) 
TE£OT» (7CB) 

Tf«2» laaa) 

TR3» (BBS) 



3 1 2 



-5*-Jl /I 

-^»-Jl /3 
Jl /S 
Jl /7 
-^2»-Jl /8 
-5»-Jl /ti 
-5»-Jl /IS 
->-Jl /»s 

Jl /17 
Jl /I9 

Ji /ai 

—S-J\ /23 

ji /as 

Jl /87 

ji /a9 

— 5»- Jl /31 
— 5»- Jl /33 

Jl /38 
~^>- Jl /37 

Jt /39 
-^>-Jl /41 
-5*-Jl /43 
— Jl /4S 
— >-Jl /47 
— ^-Jl /49 



(7B4) TFENH 3»" J2 /IB 

(7B4) TOFL» 5»- J2 /84 

17C4)TTA01» 5» J2 /46 

(704) TFADK ~> J2 /4B 

(784) THSP» 5»- J2 /SO 



-S»-Jl /4 
-7=»-Jl /6 



(7Ba) TILWD*- 
(BB3) TM4»- 

(7B4) TGO» 3>- Jl /B 

I8B3) THOU 5»-Jl /10 

IBB3) Twin 5»- Jl /ia 

(7C4) TLOL* 5»- Jl /16 

(7D4)TREV»- -^>-Jl /IB 

(7B4ITBEW4 > -Jl /ao 

(8631 TWPK $f Jl /22 

(8A3) TM74 5»-Jl /24 

I8B3) TW3» Jl /26 

(8A3) TW6» Jl /28 

18831 TWa» 5»- Jl /30 

(bbs) tws» ^-ji /sa 

(7C4) TMP.T4 3»-Jl /34 

(704) TEDIT* 5>-Jl /38 

(7C4) T ERASE* ^-Jl /40 

17041TWFM* 5>-Jl /42 

(7D4) TTAD04 ^- Jl /46 



TAPE INPUT - OUTPUT CONNECTORS 

KENNEDY COMPANY 

S801 AYALA AVE 
IRHINOALE. CA.. 91706 

9502 SCSI CACHE 
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PI /»16 >- 
PI /C16 >- 



PI /A17 >- 



P> /C17 >- 



PI /A18 >- 



PI /CIS >- 



PI /A»9:>- 



p» /eta :>- 
p> /cis:>- 



fl /A13>~ 

pi /cjo :>- 



pi /cj3:>- 



pi/ai :>- 



+3- 

C78 



pa /ass 



C76 
10UF 



C77 
10UF 

-la — 



PJ/AS3>- 
— _ 



— DDBO (4B8) 
-0081 (188) 
-0082 (4CB) 
-0083 (4CB) 
-0084 (4CS) 
-0083 (4C8I 
-0086 I4CB) 
-0087 (4C8) 
-0RVSTR8" (408) 
-DRVSE1.1* (408) 
-FBGRNT4 (40B) 
-0RVACK4 (408) 
-MSTRRST (2AB) 



->-P2 /A30 
-$-P3 /B30 
~3»-P2 /C30 
~5~P2 /A31 
->-P2 /B31 
->-P2 /C31 
-5»-P8 /A32 
->-P2 /B32 
-^-P2/C32 
*12 



-5*-P3 /B23 
-^-P2 /C23 
-^■P2 /A26 
->-P2 /B28 

-3»-P2/cas 

-5*-P2 /B23 

-^-P2 /C23 

-^-P2 /A24 

-^—P2 /B24 

-^-P2 /C24 
12 



~5»-Pl /Bl 



-5»-Pl /B2 



S*-Pi /B3 



-S»-PJ /B4 



-5»-Pl /8S 



-^•Pl /B6 



-^■Pl /B7 



-^■Pi /88 



-3»Pt /B9 
-^■Pl /B»0 



-^-Pl /Bt J 



->-Pl /B12 



-=»-Pl /BI3 



-^■Pl /B14 



-5»-Pl /BIS 



-t>-pj /ate 



-t3»-P1 /B17 



-5»-Pl /B18 



-5*-Pl /819 
-S*- PI /B20 



-S»-Pl /B21 



-=»-Pl /B22 



-=»-Pl /B83 



->-Pl /B24 



->-Pl /82S 



— 5>- P 1 /B26 



-i»-Pl /B27 



-5»-Pl /B2B 



->-Pl /S29 



-S»-P1 /B30 



->-P\ /B31 



-^»-Pl /B32 



i 



a I a 



1 



i 



— 5»-P2 /Bl 
-r5»-P2 /B2 
— 5*-P2 /B3 
— 5>-P2 /84 

-r=>-pa /as 

-^-P2 /B6 
— 5»-P2 /B7 
— 3*-P2 /BB 
— >-P2 /B9 
— 5»-P2 /BIO 
-^-P2 /Bit 
-t3»-P2 /Bia 
-^-P2 /B13 
-^-P2 /8I4 
— >"P2 /B13 
-S»-P2 /ais 
-^-P2 /B22 
-5»-P2 /B27 
-^-P2 /B28 
->-P3 /B29 
-^-P2 /A22 
-^-P2 /C22 
->-P2 /A27 
->-P2 /C27 
-5>-Pi / A2B 
-5»-P2 /C2B 
->-P2 /A29 
5»-P2 /C29 
-^•P2 /B17 
^•P2 /8I8 
>-P2 /3I9 

-^-P2 /aso 



(4C4) FSTRB»- 
(4A5) FBREQtt- 
(4831 FS6L0- 
(4C3) FSEL1- 
(4C3) FSEL2- 
(4C3I FSEL3- 
(4C3) FS6L4- 
(4C3) FSEL3- 
(4C3) FSEL8- 
(4AS) ROBUSY»- 
1404) FBUSYn- 
I4A3) FDBO— 
(4A3) FDBl- 
(483) FDB2- 
(4B3) F083- 
(483) FOB 4- 
(483) F0B5- 
(483) F0B6- 
14B3) F0B7- 



(301) TXO»— 
(301) RTS — 
(3Ct) OTP— 
J3/1 >- 
J3/3 >- 
J3/S >- 
J5/4 >- 



-^-Pl /A2 
-5»-Pl /AB 
S-Pl /C2 
-^-P> /A3 



-^■Pl /C3 



-^■Pl /A4 



-£-Pi /C4 



-^■PI /AS 



-^»"P> /C3 



~^-Pl /C12 



-^-Pl /CI I 



->-p\ fee 



-3»-Pl /A7 



->-Pl /C7 



-=»-Pl /AB 



-2>-Pl /CB 



-^-Pl /A9 



-^•Pl /C8 



-^-Pl /AID 



-3- J3 /7 



JS /9 



js /a 



-OSR (38 4) 
-CTS (3C4) 
-RXO» (3C4) 
-OCO (384) 



-3*- JS /6 



J5 /B 



JS /I0 



9600 BUS INPUT - OUTPUT CONNECTORS 



L_ RS232 

CONNECTOR 



KENNEDY COMPANY 

580« tMAMOSKEAVE. 
■OMHBfkC. CIA.. 9*8186 



9502 SCSI CACHE 



401-09302-000 



REV 8 



DATE: 03/20/1989 



X C3 

T o - juf 



C4 

0. IUF 



C3 

. IUF 



-L C6 
TO. IUF 



C7 

. IUF 



cs 

0. IUF 



C9 

. IUF 



CIO 
. 1LIF 



Xcn 

TO - IUF 



. CIS 
" 0. IUF 



. C13 
" . IUF 



C14 

0. JUF 



. . C 
T ( 



. CJS 
•0. IUF 



C16 

0. IUF 



r 



C17 
. IUF 



C19 
0. IUF 



. . CIS 
TO. JUF 



C20 
0. IUF 



. cai 

"0. IUF 



C33 
0. IUF 



C24 

0. IUF 



CSS 
0. IUF 



. C26 
•0. JUF 



. C27 
• . IUF 



. CSS 
0. JUF 



r 



C29 
0. IUF 



C30 
0. JUF 



C3I 
0. IUF 



C34 
. IUF 



-L C33 
TO. IUF 



C36 XC37 



. C3B 

' 0. IUF 



X < 
T ! 



. C39 
"0. IUF 



1. 
J' 



X C40 
TO. 1 UF 



C41 

0. IUF 



C 42 
0. IUF 



C43 
0. IUF 



r 

-r 



C4S XC46 _L C47 



C4S 

0. IUF 



. . C48 
TO. IUF 



CSO 
0. IUF 



. CSI 
" . IUF 



. C32 
" 0. IUF 



CSS 
. IUF 



CS* 

. IUF 



CSS 

0. JUF 



CS6 
0. IUF 



X CS7 
TO. JUF 



csa 

0. IUF 



CSS 
0. IUF 



C60 

0. IUF 



X csi 

TO. IUF 



X C62 _LC63 XC64 



_L C6S 
T . JUF 



C66 

0. IUF 



X C67 
T . IUF 



C6S 

0. IUF 



C69 
. IUF 



C70 
0. IUF 



C71 
' . IUF 



-LC72 
TO. IUF 



C73 
0. IUF 



X C74 
T . IUF 



C79 
4. 7UF 



1 



2 



1 



1 



D 

NOTE: 

THE FOLLOWING BYPASS CAPACJTOHS ABE 
OMITTED DEPENDANT UPON THE MEMORY SIZE. 

FOH 256K MEMORY _ 

C63 - CBE AND C7 I - C73 
ARE OMITTED 

FOR S12K MEMORY 

C64, CSS. C72 - C7 4 
ARE OMITTED. 

FOR JM MEMORY 
C74 IS OMITTED 



NOTE 

CIS AND C47 

ARE NOT FITTED UNLESS 
THE CORRESPONDING SPARE 
LOCATION IS USED 



CI 

0. IUF 



C2 

0. IUF 



BYPASS CAPACITORS 
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Warranty 



The Company warrants its devices against faulty workmanship 
or the use of defective materials (except in those cases where 
the materials are supplied by OEM) for a period of one year from 
the date of shipment to OEM, with the exception of i" cartridge 
products which are warranted for a period of ninetv (90) davs. 

The liability of the Company under this warranty is limited to 
replacing, repairing, or issuing credit (at the Company's discretion) 
for any devices which are returned by OEM during such period 
provided that (a) the Company is promptly notified in writing 
upon discovery of such defects by OEM; (b) the defective unit 
is returned to the Company, transportation charges prepaid by 
OEM; and (c) the Company's examination of such unit shall disclose 
to its satisfaction that such defects have not been caused by misuse, 
neglect, improper installation, repair alteration or accident. 

Kennedy Company is continually striving to provide improved 
performance, value and reliability in its products and reserves 
the right to make these changes without being obligated to retrofit 
delivered equipment. 



KENNEDY 

A Division of Shugart Corporation 
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